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OBJECTS. 

The  Association  contemplates  no  interference  with  the  ground  occupied  by 
other  Institutions.  Its  objects  are, — To  give  a  stronger  impulse  and  a  more 
systematic  direction  to  scientific  inquiry, — to  promote  tl)e  intercourse  of  those 
who  cultivate  Science  in  different  parts  of  the  British  Empire,  with  one  an- 
other, and  with  foreign  philosophers, — to  obtain  a  more  general  attention  to 
the  objects  of  Science,  and  a  removal  of  any  disadvantages  of  a  public  kind 
which  impede  its  progress. 
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ADMISSION  OF  MEMBERS  AND  ASSOCIATES. 

All  Persons  who  have  attended  the  first  Meeting  shall  be  entitled  to  be- 
come Members  of  the  Association,  upon  subscribing  an  obligation  to  con- 
form to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical  So- 
cieties publishing  Transactions,  in  the  British  Empire,  shall  be  entitled,  in 
like  manner^  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees,  of 
Philosophical  Institutions,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Council 
or  Managing  Committee,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

Persons  not  belonging  to  such  Institutions  shall  be  elected  by  the  General 
Committee  or  Council,  to  become  Life  Members  of  the  Association,  Annual 
Subscribers,  or  Associates  for  the  year,  subject  to  the  approval  of  a  Genefral 
Meeting. 

COMPOSITIONS,  SUBSCRIPTIONS,  AND  PBIVILEOES. 

Life  Mbmbers  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shall  receive  gratuitomly  the  Reports  of  the  Association  which  may  be  pub- 
lished after  the  date  of  such  payment.  They  are  eligible  to  all  the  offices 
of  the  Association. 

Annual  Subscribers  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
«ad  in  each  following  year  the  sum  of  One  Pound.  They  shall  receive 
gratmtously  the  Reports  of  the  Association  for  the  year  of  their  admission 
and  for  the  years  in  which  they  continue  to  pay  without  intermission  their 
Annual  Subscription.  By  omitting  to  pay  this  Subscription  in  any  particu- 
lar year,  Members  of  this  class  (Annual  Subscribers)  lose  for  that  and  all 
fidvre  years  the  privil^e  of  receiving  the  volumes  of  the  Association  gratis : 
but  they  may  resume  their  Membership  and  other  privileges  at  any  sub- 
■equent  Meeting  of  the  Association,  paying  on  each  such  occasion  the  sum  of 
One  Pound.     They  are  eligible  to  all  the  Offices  of  the  Association. 

Associates  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratmtously  the  Reports  of  the  Association,  nor  be 
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The  Association  consists  of  the  following  classes  :— 

1.  Life  Members  admitted  from  18dl  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on  ad- 
mission Ten  Pounds  as  a  composition. 

S.  Annual  Members  admitted  from  1831  to  18S9  inclusive,  subject  to  the 
payment  of  Oi;ie  Pound  annually.  [May  resume  their  Membership  after  in- 
termission of  Annual  Payment.  J 

4.  Annual  Members  admitted  in  any  year  since  1859,  subject  to  the  pay- 
ment of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each  following 
year.  [May  resume  their  Membership  after  intermission  of  Annual  Pay- 
ment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corc'esponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Reports,  gratist  or  to  purchase  it  at  reduced  (or  Members')  price* 
according  to  the  following  specification,  viz. : — 

1.  Gratis, — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1 845  a 
further  sum  of  Five  Pounds. 
New  Life  Members  who  have  paid  Ten  Pounds  as  a  com- 
position. 
Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription. 
ft.  At  reduced  or  Members*  Prices^  viz.  two-thirds  of  the  Publication 
Price. — Old  Life  Members  who  have  paid  Five  Pounds  as  a 
composition  for  Annual  Payments,  but  no  further  sum  as  a 
Book  Subscription. 
Annual  Members,  who  have  intermitted  their  Annual  Subscrip- 
tion. 
Associates  for  the  year.     [Privilege  confined  to  the  volume  for 
that  year  only.] 
S.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 
of  the  first  seventeen  volumes  of  Transactions  of  the  Associa- 
tion, and  of  which  more  than  100  copies  remain,  at  one-third  of 
the  Publication  Price.    Application  to  be  made  (by  letter)  to 
Mr.  R.  Taylor,  Red  Lion  Court,  Fleet  Street,  London. 
Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

MEETINGS. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  General  Committee  at  the  pre- 
vious Meeting ;  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Offi- 
cers of  the  Association. 

GENERAL  COMMITTEE. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

1.  Presidenu  and  Officers  for  the  present  and  preceding  years,  with  au« 
thors  of  Reports  in  the  Transactions  of  the  Association. 

2.  Members  who  have  communicated  any  Paper  to  a  Philosophical  Society, 
which  has  beenprintedinits  Transactions,  and  which  relates  to  such  subjects 
as  are  taken  into  consideration  at  the  Sectional  Mff^mgi^^^ssociAtioQ* 
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3.  OfBce-hearers  for  the  time  being,  or  Delegates,  altogether  not  exceed- 
ing three  in  number,  from  any  Philosophical  Society  publishing  Transactions, 

4.  Office-bearers  for  the  time  being,  or  Delegates,  not  exceeding  three, 
from  Philosophical  Institutions  established  in  the  place  of  Meeting,  or  in  any 
place  where  the  Association  has  formerly  met. 

5.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and  who 
are  specially  nominated  in  writing  for  the  meeting  of  the  year  by  the  Presi- 
dent and  General  Secretaries. 

6.  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  Sections  are  ex 
qfcio  members  of  the  General  Committee  for  the  time  being. 

SECTIONAL  COMMITTEES. 

The  General  Committee  shall  appoint,  at  each  Meeting,  Committees,  con- 
aistiDff  severally  of  the  Members  most  conversant  with  the  several  branches 
of  Science,  to  advise  together  for  the  advancement  thereof. 

The  Committees  shall  report  what  subjects  of  investigation  they  would 
pardcttlarly  recommend  to  be  prosecuted  during  the  ensuing  year,  and 
brought  under  consideration  at  the  next  Meeting. 

The  Committees  shall  recommend  Reports  on  the  state  and  progress  of 
particular  Sciences,  to  be  drawn  up  from  time  to  time  by  competent  persons, 
for  the  information  of  the  Annual  Meetings. 

COMMITTEE  OF  RECOMMENDATIONS. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee,  which 
shall  receive  and  consider  the  Recommendations  of  the  Sectional  Comipittees, 
and  report  to  the  General  Committee  the  measures  which  they  would  advise 
to  be  adopted  for  the  advancement  of  Science. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects,  shall  be  submitted  to  the  Com- 
mittee of  Recommendations,  and  not  taken  into  consideration  by  the  General 
Committee,  unless  previously  recommended  by  the  Committee  of  Recom- 
mendations. 

LOCAL  COMMITTEES. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association  to 
assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers. those 
Members  of  the  Association  whose  assistance  they  may  desire. 

OFFICERS. 

A  President,  two  or  more  Vice*Presidentfi,  one  or  more  Secretaries,  and  a 
Treasurer,  shall  be  annually  appointed  by  the  General  Committee. 

COUNCIL. 

In  the  intervals  of  the  Meetings,  the  affairs  of  the  Association  shall  be 
managed  by  a  Council  appointed  by  the  General  Committee.  The  Council 
may  also  assemble  for  the  despatch  of  business  during  the  week  of  the 
Meeting. 

PAPERS  AND  COMMUNICATIONS. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to  reserve 
his  right  of  property  therein. 

ACCOUNTS. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
appointed  by  the  Meeting. 
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Johnson,  Esq. 
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Secretaries.— Charles  Manby,  Esq.,  Sec.  Inst.  Civ.  Eng.    John  Head,  Esq. 


Digiti 


zed  by  Google 


xxu 


REPORT — 1851. 


CORRESPONDING  MEMBERS. 


Professor  Agassiz,  Cambridge,  Mas- 
sachusetts. 

M.  Arago,  Paris. 

M.  Babinet,  Paris. 

Dr.  A.  D.  Bache,  Philadelphia. 

Professor  H.  von  Boguslawski,  Bres- 
lau. 

Mr.  P.  G.  Bond,  Cambridge,  U.S. 

Monsieur  Boutigny  (d'Evreux),  Paris. 

Professor  Braschmann,  Moscow. 

Herr  Von  Buch,  Berlin. 

Chevalier  Bunsen. 

Charles  Buonaparte,  Prince  of  Canino. 

M.  De  la  Rive,  Geneva. 

Professor  Dove,  Berlin. 

Professor  Dumas,  Paris. 

Dr.  J.  Milne-Edwards,  Paris. 

Professor  Ehrenberg,  Berlin. 

Dr.  Eisenlohr,  Carlsruhe. 

Professor  Encke,  Berlin. 

Dr.  A.  Erman,  Berlin. 

Prof<^ssor  Esmark,  Christiania. 

Professor  G.  Forchhammer,  Copen- 
hagen. 

M.  Frisiani,  Milan. 

Professor  Asa  Gray,  Cambridge,  U.S. 

Professor  Henry,  Washington,  United 
States. 

Baron  Alexander  von  Humboldt, 
Berlin. 

M.  Jacobi,  St.  Petersburg. 


Professor  Kreil,  Prague. 

M.  KupflTer,  St.  Petersburg. 

Dr.  Langberg,  Christiania. 

M.  Leverrier,  Paris. 

Baron  de  Selys-Lbngchamps,  Li^ge. 

Dr.  Lamont,  Munich. 

Baron  von  Liebig,  Giessen. 

Professor  Gustav  Magnus,  Berlin. 

Professor  Matteucci,  Pisa. 

Professor  von  MiddendorfF,  St.  Pe- 
tersburg. 

Professor  Nilsson,  Sweden. 

Dr.  N.  Nordengsciold,  Finland. 

Chevalier  Plana,  Turin. 

M.  Quetelet,  Brussels. 

Professor   Pliicker,  Bonn. 

M.  Constant  Prevost,  Paris. 

Professor  C.  Ritter,  Berlin. 

Professor  H.  D.  Rogers,  Philadelphia. 

Professor  W.  B.  Rogers,  Virginia. 

Professor  H.  Rose,  Berlin. 

Baron  Senftenberg,  Bohemia. 

Dr.  Siljestrom,  Stockholm. 

M.  Struve  of  St.  Petersburg. 

Dr.  Svanberg,  Stockholm. 

Dr.  Van  der  Hoven,  Ley  den. 

Baron  Sartorius  von  Waltershausen, 
Gotha. 
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BSPOBT  OF  THB  COUNCIL.  ZXIU 

Report  OF  THE  Procxedikgs  of  the  Council  in  1850-51,  as  presented 
TO  THE  General  Committee  at  Ipswich,  Wednesday,  July  % 
1851. 

I.  With  reference  to  the  subjects  referred  to  the  Council  by  the  General 
Committee  assembled  in  Edinburgh,  the  Council  hi^e  to  report  as  follows  :— 

1.  Having  communicated  with  Dr.  Robinson,  on  whose  suggestion  the 
General  Committee  directed  that  application  should  be  made  to  the  Admi-» 
ralty  for  the  publication  of  the  Reports  of  their  Committee  on  Metals,  and 
having  also  communicated  with  the  Admiralty, — the  Council  have  requested 
Mr.  James  Nasmyth,  who  was  himself  one  of  the  members  of  the  Metal 
Committee,  to  undertake  the  task  of  drawing  up  an  abstract  of  the  principal 
matters  contained  in  its  reports,  to  be  presented  to  the  British  Association 
at  Ipswich,  or  at  the  Meeting  in  1S52  ;  and  the  Admiralty,  at  the  request 
of  the  Council,  have  consented  to  place  the  three  volumes  of  the  Reports  in 
Mr.  Nasmyth*8  hands  for  this  purpose. 

2.  In  compliance  with  the  direction  that  a  Committee  should  be  appointed 
for  the  purpose  of  waiting  on  Her  Majesty's  Government,  to  request  that 
some  means  be  taken  to  ensure  to  the  science  of  Natural  History  an  effects 
ave  representation  in  the  Trusteeship  of  the  British  Museum,  the  Council 
proceeded  to  name  a  Committee ;  but  in  consequence  of  one  of  two  recent 
▼acancies  in  the  Trusteeship  of  the  British  Museum  having  been  filled  up 
by  the  appointment  of  a  distinguished  Naturalist,  Sir  Philip  Grey  Egerton, 
Bart.,  the  Committee  have  not  deemed  it  requisite  to  make  the  application 
to  Government  contemplated  by  the  General  Committee. 

3.  On  the  subject  or  an  application  to  Goyernment  to  institute  a  Statist!-* 
cal  Survey  relative  to  the  extent  and  prevalence  of  Infantile  Idiotcy,  the 
Council  having  ascertained  diat  the  importance  of  such  an  inquiry  had  already 
been  pressed  on  the  attention  of  Government  by  the  Statistical  Society  of 
liondon,  and  that  the  representation  had  been  very  favourably  received,  have 
Ibrbome  to  take  any  further  step  for  the  present. 

4f»  The  Committee  appointed  at  Edinburgh,  for  the  purpose  of  urging  on 
Government  the  completion  of  the  Geographical  Survey  of  Scotland,  recom- 
mended by  the  British  Association  at  their  former  meeting  at  Edinburgh  in 
1834,  have  presented  a  Memoriid  to  Lord  John  Russell,  showing  that,  in  the 
interval  of  16  years  elapsed  since  the  former  meeting  of  the  Associadon  in 
Edinburgh,  but  a  single  county,  namely,  Wigtonshire  (less  than  a  sixtieth 
partof  Scotland),  has  been  mapped;  that  the  surveying  force  employed  in 
Scotland,  and  the  funds  allotted  to  that  portion  of  the  United  Kingdom,  have 
been  very  much  less  than  that  allotted  to  either  England  or  Ireland ;  and 
that  on  the  present  scale  of  procedure  upwards  of  50  years  must  elapse  be« 
fore  the  map  of  Scotland  can  be  completed.  The  Memorial  further  solicits 
Her  Majesty's  Government  to  endeavour  to  obtain  from  Parliament  an 
annual  gnmt  adequate  to  the  completion  of  the  map  in  the  next  10 
years*  The  Memorial  was  courteously  received  by  the  First  Lord  of  the 
Treasury,  and  has  been  followed  by  the  appointment  of  a  Committee  of  the 
House  of  Commons  to  inquire  into  the  whole  subject  of  the  survey  of  North 
Britain. 

.  II.  Since  the  last  report  of  the  Council  to  the  General  Committee  was 
presented  at  Edinburgh,  the  reply  of  Her  Majesty's  Government  has  been 
received  to  the  Memoriid  drawn  up  by  Dr.  Robinson,  President  of  the  British 
Association,  with  the  concurrence  of  the  Earl  of  Rosse,  President  of  tha 
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Royal  Society,  and  presented  to  Lord  John  Russell,  recommending  the  esta-- 
blishment  of  a  Reflecting  Telescope  of  large  optical  power,  at  a  suitable 
station,  for  the  systematic  observation  of  the  Nebulas  of  the  Southern  Hemi- 
sphere.    The  reply  is  as  follows : — 

**  Trossory  Chsmben,  14th  August,  1850. 
"  SrtLf — I  am  commanded  by  the  Lords  Commissioners  of  Her  Mi^jesty** 
Treasury  to  acquaint  you,  that  your  Memorial  of  the  9rd  ult.,  addressed  to 
Lord  John  Russell,  applying  on  behalf  of  the  British  Association  for  the 
Advancement  of  Science  for  the  'establishment,  in  some  fitting  part  of  Her 
Majesty's  dominions,  of  a  powerful  reflecting  telescope,  and  for  the  appoint* 
ment  of  an  observer  charged  with  the  duty  of  employing  it  in  a  review  of 
the  Nebulae  of  the  Southern  Hemisphere,'  has  been  referred  by  his  Lordship 
to  this  Board  ;  and  I  am  directed  to  inform  you,  with  reference  thereto,  that 
while  My  Lords  entertain  the  same  views  as  those  expressed  by  you  as  to 
the  interest  attaching  to  such  observations,  yet  it  appears  to  their  Lordships 
that  there  is  so  mudk  difficulty  attending  on  the  arrangements  which  alone 
could  render  any  scheme  of  this  kind  redly  beneficial  to  the  purposes  of 
science,  that  they  are  not  prepared  to  take  any  steps  without  much  further 
consideration* 

*'  I  am*  Sir,  &c.t 

*'  Your  obedient  Servant, 

*'G.  COBMBWALL  LbWH*" 

The  Council  have  communicated  a  copy  of  this  reply  to  the  President  and 
Council  of  the  Royal  Society,  who  had  concurred  in  the  recommendation  $ 
accompanying  the  communication  with  an  assurance  that  the  British  Associ- 
ation will  not  lose  sight  of  this  important  object,  and  requesting  the  con- 
tinued co-operation  of  the  Royal  Society.  The  specific  difficulties  alluded 
to  in  this  letter  have  not  been  communicated  by  the  Government ;  but  the 
Council  entertoin  the  hope  that  they  are  not  of  such  a  nature  that  time  and 
further  consideration  may  not  remove  them.  The  Council  wil]  now  conclude 
the  duty  entrusted  to  them  with  the  expression  of  their  belief  that  the  time 
is  not  far  distant  when  the  subject  may  be  again,  and  successfiiUy,  brought 
under  the  consideration  of  Her  Majesty's  Ministers. 

in.  For  the  purpose  of  obtaining  from  the  Authorities  of  the  Ordnance 
Department  replies  which  might  be  satisfactory  to  the  General  Committee, 
relative  to  the  progress  which  had  been  made  towards  the  publication,  re* 
commended  in  the  year  184*6,  of  the  meteorological  observations  made  since 
1834,  at  the  Ordnance  Survey  Office,  at  Mountjoy,  near  Dublin, — and  alao 
towards  the  publication,  recommended  by  the  British  Association  in  1849« 
and  sanctioned  by  the  Treasury  in  February,  1850,  of  the  principal  geodetic 
results  of  the  Trigonometrical  Survey  of  the  British  Islands, — the  Council 
requested  two  of  their  members.  Lord  Wrottesley  and  Sir  Charles  Lemon» 
who  are  also  members  of  the  Legislature,  to  make  the  necessai^  inouiries ; 
and  the  Council  are  in  consequence  enabled  to  state  on  the  authority  of  replies 
received  from  the  Inspector-General  of  Fortifications  :«-lst.  In  respect  to  the 
Mountjoy  Observations,  that "  the  whole  of  the  observations  have  been  copied 
into  tables  for  publication,  and  the  monthly  means  taken,  and  that  consider- 
able progress  has  been  made  in  abstracting  the  results;  and  that  the  Director 
of  the  Ordnance  Survey  will  shortly  have  to  make  application  to  the  Board 
of  Ordnance  to  obuin  the  necessary  sanction  for  the  Stationery  Office^  in 
Dublin,  to  commence  the  printing  of  this  work  "    And  ^nd,  in  respect  to« 
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th«  British  Arc  of  the  Meridian,  that  **  during  the  patt  seaflon  (1850)  the 
large  theodolites  have  been  on  two  stations  in  Scotland  that  required  addi- 
tional observations  to  be  made  from  them,  so  as  to  perfect  the  chain  of  tri- 
angulation ;  and  other  observations  are  now  being  made  at  two  other  sta- 
tions, at  which  those  made  in  1809  and  1841,  under  unfavourable  circum- 
stances, have  proved  to  be  insufficient ;  but  the  Director  of  the  Survey  is  in 
great  hopes  that  no  others  will  require  to  be  done.  The  Zenith  Sector  has 
also  been  employed  during  the  past  season  in  extending  to  its  utmost  limito 
the  second  largest  Arc  of  Uie  Meridian  in  the  British  Islands,  viz.  from  North 
Rona  Island  to  St.  Agnes  in  the  Scilly  Islands,  and  in  establishing,  by  direct  - 
observations,  at  a  station  near  Peterhead,  what  had  previously  been  imagined 
to  be  the  case,  that  a  deflection  of  the  plumb  line,  to  the  extent  of  8  seconds, 
existed  at  Cowhythe  Station,  near  Portsoy  in  Banffshire,  and  that  in  conse- 
quence, ito  resulting  latitude  must  be  exceptionable.  These  observations 
and  others,  including  those  made  at  26  stations,  are  almost  entirely  printedi 
and  far  advanced  towards  publication.  In  the  office,  the  reduction  and 
examination  of  the  observations,  so  as  to  fit  them  for  publication,  has  been 
steadily  proceeded  with,  but  the  pressure  for  the  Survey,  under  the  Public 
Health  Act,  has  prevented  as  much  progress  being  made  as  could  be  wished. 
The  Director  of  the  Survey  trusts,  however,  that  he  shall  be  enabled  to 
ftumish,  for  communication  to  ^e  British  Association  that  will  probably 
assemble  in  1859,  the  principal  results  obtainable  from  the  Geodetic  opera- 
tiona  in  Great  Britain  and  Ireland.  The  Master-General  and  Board's 
Order,  of  the  80th  of  March,  1850,  also  contemplates  the  publication  of 
the  levels  in  the  United  Kingdom :  this  work  is  also  in  preparation,  and  the 
first  volume  of  it  is  nearly  ready  for  the  press." 

IV.  Having  thus  noticed,  in  the  preceding  paragraphs  of  this  report,  vari- 
ous subjects  involving  applications  to  Government,  which  have  been  referred 
by  the  General  Committee  to  the  care  of  the  Council,  the  Council  deem  it 
^eir  duty  to  bear  tesdmony  to  Uie  courtesy  with  which  applications  on  the 
part  of  the  British  Association  have  been  invariably  received  by  the  Members 
of  Her  Majes^s  Government,  and  to  their  general  readiness  to  comply  with 
rooommendatioQS  so  made.  The  recommendation  of  a  Survey  of  the  South- 
ern Nebulas  is  the  only  instance  in  which  there  has  not  been  an  mimediat€ 
compliance ;  and  even  in  this  exceptional  case,  the  postnonement  is  accom* 
panied  by  a  foil  admission  of  the  interest  of  the  proposed  investigation. 

V.  The  General  Committee  have  durected  the  Council  to  consider  and  re* 
port  upon  such  further  steps  as  may  appear  desirable  to  be  taken  in  reference 
to  the  Committee  of  Members  of  the  Association,  also  Members  of  the 
Legislature,  appointed  to  watch  over  the  interesU  of  Science,  and  to  inspect 
the  various  measures  which  might  from  time  to  time  be  introduced  into  Par- 
liament  likely  to  dfoct  such  interest.  By  the  original  constitution  of  that 
Committee,  as  appointed  at  Birmingham  in  1849,  it  comprised  all  the  Mem- 
bers of  the  Association  who  were  Jso  Members  of  the  Legislature,  and  it 
has  been  found  practically  that  die  number  of  the  Members  of  the  Com- 
mittee so  cosstitnted,  is  too  large  for  combined  or  permanent  action*  Tho 
Council  therefore  recommend  to  the  General  Committee  at  Ipswich,  to 
appoint  a  Committee,  consisting  of  a  limited  number  of  Members  of  the 
LegisUiture,  who  are  also  Members  of  the  Association,  for  the  purposes  con- 
templated in  the  original  appointment  of  the  Committee  on  the  19th  of 
September,  1849;  and  diey  further  suggest  that  the  following  noblemen 
and  gentlemen^  being  twelve  ia  number,  of  whom  six  are  Members  of  the 

eft 


Digiti 


zed  by  Google 


xxvi  BftPOftT— 1851. 

Hanse  of  Peers,  and  six  of  tbe  House  of  Commons,  be  requested  to  form 
the  Committee,  viz. — 


The  Lord  Wrotteslcy. 
The  Earl  of  Rosse. 
The  Duke  of  Argyll. 
The  Earl  Cathcart. 
The  Earl  of  Enniskillen. 
The  Earl  of  Harrowby. 


Sir  Philip  Egerton,  Bart. 
Sir  Charles  Lemon,  Bart. 
Sir  R.  H.  Inglis,  Bart. 
Sir  John  Johnstone,  Bart. 
James  Heywood,  Esq. 
J.  H.  Vivian,  Esq. 


VL  A  Memorial  presented  to  the  meeting  at  Edinburffh,  by  M.  Knpfier* 
Corresponding  Member  of  the  British  Association,  entiUed  "  Projet  d'une 
Association  pour  I'Avancement  des  Sciences  Meteorologiques,"  having  been 
referred  by  the  General  Committee  to  the  Officers  of  the  Association,  the 
following  reply,  prepared  by  the  officers,  was  approved  by  the  Council,  and 
transmitted,  by  their  direction,  to  M.  Kupffer: — 

"  London,  November  29, 18(0. 

"  Sir, — We  are  directed  by  the  Council  of  the  British  Association  to 
acquaint  you  that  your  Memorial,  entitled  *  Projet  d'une  Association  pout 
I'Avancement  des  Sciences  Met^rologiques,'  was  duly  received,  and  was 
laid  before  the  General  Committee  of  the  Association  at  their  meeting  at 
Edinburgh.  The  General  Committee,  however,  feeling  their  inability  to 
decide  immediately  on  a  subject  of  such  extent  and  importance,  directed  that 
the  Memorial  should  be  printed  for  the  perusal  of  the  Officers  of  the  Associa* 
tion ;  and,  the  officers  having  thus  had  opportunity  of  maturely  considering 
the  proposal,  and  having  stated  to  the  Council  their  views  upon  it,  we  are 
directed  by  the  Council  to  transmit  to  you  their  reply,  as  follows :«— 

**  *  The  Council  are  very  strongly  impressed  with  the  advantages  that  must 
result  to  the  science  of  Meteorology  from  the  prosecution  of  regular  series 
of  observations  conducted  on  a  uniform  plan,  and  extending  over  a  con* 
•iderable  portion  of  Europe  and  perhaps  of  Asia.  But  the  Council  perceive 
also  that  there  are  at  present  serious  difficulties  in  the  way  of  carrying  out 
such  a  plan.  It  would,  as  they  think,  be  difficult  at  any  time  to  nominate 
ibr  each  of  the  associated  countries  a  Director  possessing  the  requisite  zeal 
and  knowledge  and  leisure ;  and  the  periodical  meetings  of  the  Directors 
would  be  found  to  be  a  source  of  extreme  trouble.  On  the  other  hand,  it 
would  be  difficult  to  induce  the  various  Directors  to  agree  to  defer  to  the 
judgement  of  one  Arch«Director.  At  the  present  time,  when  the  construction 
of  some  of  the  most  important  meteorological  instruments  is  a  subject  of 
active  criticism,  it  would  not  be  easy  to  establish  uniformity  of  plan.  And 
it  would  be  difficult  to  provide  the  funds  which  establishments  of  such  extent 
must  require. 

**  *  These  considerations,  in  the  opinion  of  the  Council,  are  sufficient  to 
•how  that  the  esubluhment  of  the  proposed  Association  must  at  all  times 
be  difficult.  But  they  cannot  omit  to  add  that  in  the  present  disturbed  state 
of  Europe  the  difficulty  must  be  greatly  increased.  It  is  known  to  members 
of  the  Council  that  state  necessities,  produced  by  convulsions  which  are  not 
yet  allayed,  have  already  caused  tbe  withdrawal  of  some  grants  for  scientific 
purposes  of  which  the  amount  is  small  in  comparison  with  those  which  would 
be  required  for  the  proposed  Association,  and  the  Council  therefore  have  not 
the  least  hope  that  tne  Association  could  be  established  in  an  effective  form 
for  some  considerable  time. 

**  *  The  Council  are  aware  that  in  Francoi  the  constructton  of  some  of  the 
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principal  meteorological  inatrunienta,  and  tlie  investigation  of  the  theoriea 
applying  to  their  use,  have  undergone  careful  experimental  investigation  ; 
that  these  investigations  are  now  in  the  course  of  being  repeated  and  extended 
in  England,  and  that  they  are  probably  carried  on  also  in  other  countries* 
For  the  successful  establishment  therefore  of  such  an  Association,  the  Council 
are  disposed  to  look  to  some  future  time,  when  the  construction  of  instru* 
ments  shall  be  better  understood,  when  the  purposes  of  observation  shall  be 
more  distinctly  fixed,  and  when  the  political  condition  of  Europe  shall  be 
more  &voarable  to  the  co-operation  of  nations  for  a  scientific  object. 

"  *  We  have  the  honour,  &rc. 

«  *  Edward  Sabine  \  Q-^g^^,  Secretaries  • " 
"  '  J.  Foubes  Roylb  /  ^«n^"*  secretaries. 

"  •  A  Monsieur  A.  T.  Kupjffer.' " 

VII.  The  Council  have  been  informed  by  a  Committee  of  the  inhabitants 
of  Belfast,  appointed  in  1848  to  make  arrangements  for  inviting  the  British 
Association  to  hold  an  early  meeting  in  that  town,  that  all  the  public  bodies 
of  Belfast^  and  the  Grand  Jury  of  the  County  of  Antrim,  are  prepared  to 
renew  their  invitation  for  the  year  1852,  and  that  a  deputation  will  attend  at 
Ipswich  for  that  purpose. 

VIII.  The  Council  are  glad  to  have  it  in  their  power  to  report  to  the  Gene- 
ral Committee,  and  through  them  to  the  Members  of  the  Association  at  large, 
that  the  conduct  of  the  experimental  researches  proceeding  at  the  Physical  Ob- 
servatory of  the  British  Association  at  Kew,  has  received  the  mostaasiduous 
and  unremitting  attention  from  the  Committee  of  Superintendence,  continued 
by  the  General  Committee  at  Edinburgh,  and  re-appointed  by  the  Council 
at  their  first  meeting  in  November  last ;  and  that  the  number,  variety,  and 
importance  of  the  researches  in  progress  and  in  preparation,  are  such  as  to 
give  full  promise  of  the  Kew  Observatory  becoming  a  most  valuable  esta« 
blishmeot  for  the  advancement  of  the  Physical  Sciences.  In  such  a  brief 
notice  of  these  researches  as  appears  most  suitable  for  this  Report,  it  is  the 
purpose  of  the  Council  to  indicate  the  objects  rather  than  to  explain  or  discuss 
them,  for  which  the  meetings  of  the  Sections  will  afford  more  appropriate 
occasions ;  and  in  this  view  the  Council  have  requested  that  the  Members  of 
the  Kew  Committee  who  have  attended  to  particular  branches  of  the  expe- 
riments in  progress,  will  prepare  Reports  concerning  them  specially  designed 
for  communication  to  the  Sections,  in  addition  to  the  Report  annually  pre- 
sented by  Mr.  Ronalds,  whose  valuable  and  gratuitous  services  are  still 
continuea.  In  reference  to  the  instruction  of  the  General  Committee  to  the 
Council  at  the  Edinburgh  Meeting,  to  communicate  with  the  Government, 
if  necessary,  respecting  the  possibility  of  relieving  the  Association  from  the 
expense  of  maintaining  the  establishment  at  Kew,  the  Coiuicil  have  not 
thought  it  desirable  to  make  such  direct  application  to  the  Government,  but 
they  have  to  report  that  considerable  additions  have  been  obtained  to  the 
pecuniary  resources  by  which  the  experimental  researches  are  carried  on— 
1st,  from  the  Donation  Fund  of  the  Royal  Society,  and  2nd,  from  the  Go.- 
vemment  Grant,  placed  annually  at  the  disposal  of  tlie  President  and  Council 
of  the  Royal  Society,  the  particulars  of  which  will  now  be  stated. 

1.  £100  was  allotted  from  the  Government  Grant  of  1850  for  the  purchase 
of  magnetical  and  meteorological  instruments  of  a  new  construction,  for  a 
trial  of  their  merits  at  the  Kew  Observatory.  This  sum  has  been  expended 
—1st,  in  the  construction  of  a  Vertical  Force  Magnetograph,  for  the  self- 
Tqpitry  on  Mn  Ronalds's  principle  of  the  variations  of  the  Vertical  Force ; 
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Slid,  in  die  purchaie  and  improvement  of  M •  Regnauk'i  raodifieatioB  of 
DanieU'i  Hygrometer ;  and,  Srd,  in  the  purchase  of  a  Standard  Thermometer, 
in  which  the  aocoracy  of  the  temperatures  indicated  by  all  the  divisions  of 
the  scale  has  been  examined,  and  is  guaranteed  by  the  well-known  skill  and 
care  of  M.  Regnault;  which  instrument  it  is  intended  to  employ  in  the 
verification  of  thermometers  made  by  artists  in  this  country. 

t.  The  difficulty  in  respect  to  funds  for  the  completion  of  Mr.  Ronalds*e 
instruments  for  the  self-registry  of  magnetical  observations  having  thus  been 
surmounted*  the  Royal  Society  have  granted  to  Mr.  Ronalds,  fVom  the  do- 
nation fund  at  their  disposal,  £100,  to  be  applied  in  an  experimental  trial  of 
those  instruments  for  a  period  of  six  months ;  during  which  they  are  to  be 
worked  precisely  as  in  an  Observatory,  and  a  minute  account  kept  of  every 
item  of  expense  incurred  in  carrying  on  the  self-registry  for  that  period.  This 
experimental  trial  is  now  in  progress,  having  been  commenced  m  April. 

8.  £160  has  been  allotted  from  the  Government  Grant  of  1851,  for  the 
construction  and  verification  of  standard  Meteorological  Instruments  at  Kew, 
and  for  the  purchase  of  apparatus  required  for  that  purpose.  The  notifica- 
tion of  this  grant  has  been  but  just  received,  but,  by  its  aid,  M.  Regnault*s 
apparatus  for  calibrating  and  graduatmg  Thermometer  Tubes  has  already 
been  procured,  and  steps  have  been  taken  for  the  examination  of  the  difi*erent 
kinds  of  glass  which  are  likely  to  be  best  adapted  for  thermometers. 

4.  £176  has  been  allotted  from  the  Government  Grant  of  1851,  to  Pro- 
fessor Stokes,  of  Cambridge,  for  Experiments  to  be  made  at  Kew,  to  de- 
tarmiito  the  Index  of  Friction  in  diflEerent  Gases.  The  notification  of  this 
grant  is  also  very  recent;  but  apparatus  has  been  ordered^  and  the  expe* 
riments  will  be  commenced  forthwith. 

With  this  assistance,  the  expenditure  for  the  maintenance  of  the  Obser- 
vatory has  not  exceeded  the  sum  plaeed  at  the  disposal  of  the  Council  for 
that  purpose ;  and  there  are  no  debts. 

'  In  the  various  experimental  researches  which  have  been  thus  enumerated, 
conducted  as  they  severally  are  by  Members  of  the  British  Association, 
whose  services  are  gratuitous,  the  Council  are  glad  to  be  able  to  report,  on 
the  authority  of  the  Kew  Committee,  that  great  advantage  is  derived  from 
the  seal,  assiduity  and  intelligence  with  which  they  are  assisted  by  Mr. 
Welsh,  late  Assistant  in  Sir  Thomas  Brisbane's  Observatory  at  Makerstoim, 
whose  services  the  Council  have  engaged  at  a  salary  of  £100  a  year  (with 
residence),  payable  out  of  the  £800  placed  at  their  disposal  by  the  General 
Committee,  but  not  guaranteed  of  course  beyond  the  current  year,  which 
terminates  with  the  Ipswich  Meeting. 

In  concluding  this  notice  of  the  present  state  and  prospects  of  the  Kew 
Observatory,  the  Council  uke  occasion  to  remark,  that  the  liberality  with 
which  the  British  Association  has  nursed  the  infancy  of  an  establishment^ 
novel  in  its  purposes,  and  not  therefore  perhaps  duly  appreciated  by 
all  at  first,  has  already  produced  contributions  towards  its  objects  from  other 
sources,  and  which  in  the  present  year  considerably  exceed  the  sum  granted 
by  the  Association  itself;  and  taking  into  account  that  the  institution  works 
well  under  its  present  arrangements  and  on  its  present  footing,  and  believing 
that  its  continuance  will  be  conducive  alike  to  the  advancement  of  science 
and  to  the  credit  of  the  British  Association,  they  recommend  that  the  grant 
of  £800  to  the  Kew  Observatory  should  be  continued  for  the  next  year. 
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bacommbkdations  adoptkd  bt  thb  gskeral  committbb  at  thb 
Ipswich  Mbbtino  in  July  1851. 

Involving  Grcmis  of  Money  • 

The  Eatoblishment  at  Kew  ObMrvatory  £S00. 

That  Profo68or  J.  D.  Forbet  be  requested  to  ooDtinue  a  Series  of  Experi- 
ments, for  the  purpose  of  testing  the  results  of  the  Mathematical  Theoiy  of 
Heat ;  that  Professor  Kelland  be  requested  to  co-operate  with  him ;  and  that 
A50  be  pUced  at  the  disposal  of  Prof.  Forbes  for  the  purpose* 

That  Professor  £.  Forbes  and  Professor  Bell  be  requested  to  continue  their 
assistance  to  Dn  Thomas  Williams  in  his  researches  on  the  Annelidat  with 
£10  at  their  disposal. 

That  the  Committee  on  the  Vitality  of  Seeds  be  requested  to  continue 
their  attention  to  that  subject,  with  £6  at  their  disposaL 

That  a  Committee,  consisting  of  Mr.  K.  Hunt,  Dr.  G.  Wilson,  and  Dr, 
Gladstone,  be  requested  to  investigate  the  influence  of  the  solar  radiations 
on  chemical  combinations,  electrical  phsenomena,  and  the  vital  powers  of 
plants  growing  under  different  atmospheric  condition8,^with  £20  at  their 
disposal. 

That  Lord  Monteagle,  Sir  J.  Boileau,  Mr.  6.  R.  Porter,  Mr.  J.  Fletcher, 
Dr.  Stark,  and  Professor  Hancock,  be  requested  to  prepare  a  Report  on  the 
Census  of  the  United  Kingdom ;  and  that  the  sum  of  £20  be  placed  at  their 
disposal  for  the  purpose* 

That  Mr.  W.  Fairbaim,  C.E.,  be  requested  to  make  a  series  of  Experi- 
ments on  the  tensile  strength  of  Wrought  Iron  Boiler-Plates  at  various  tem- 
peratures ;  and  that  the  sum  of  £20  be  placed  at  his  disposal  for  the  purpose* 

That  Professor  Ramsay  be  requested  to  prepare  a  large  Geological  Map 
of  Great  Britain  and  Ireland  for  the  use  of  the  Geological  Section  during 
the  Meetings  of  the  Association,  with  £15  at  his  dbposal  for  the  purpose* 

Invobring  AppScation  to  Gcvemment  or  PubUe  InttUMtUnu^  or  Member$  of 

A§  Leffitlatmro. 

That  the  Parliamentary  Committee  of  the  British  Association  do  oonslst 
of  Thirteen  Members* 

That  the  following  Noblemen  and  Gentlemen  be  requested  to  constitute 
the  Committee :— The  Lord  Wrottesley,  the  Duke  of  Argyll,  the  Earl  of 
Enniskillen,  the  Earl  of  Harrowby,  the  Eari  Cathcart»  the  Eari  of  Rosse, 
the  liord  Bishop  of  Oxford,  Sir  Philip  Egerton,  Bart,  Sir  Charies  Lemon, 
Bart,  Sir  Robert  H.  Inglis,  Bart,  Sir  J*  V.  B*  Johnstone,  Bart,  J.  H.  Vi- 
▼ian,  Esq.,  James  Hey  w(kk1,  Esq*   . 

That  in  case  of  yaoancies  occurring  in  the  Committee,  the  General  Com- 
mittee shall,  at  their  next  ensuing  Meeting,  proceed  to  fill  up  such  vacancies 
from  Members  of  the  British  Anociation  who  are  Members  of  either  House 
of  Parliament,  and  who  have  either  communicated  to  a  Philosophical  Society 
'  any  paper  which  has  been  printed  in  its  Transactions,  or  have  advanced  th» 
interests  oT  Science. 

That  the  Parliamentary  Committee  shall  have  power  to  appoint  Members 
of  the  Legislature  who  are  Members  of  the  British  Association  qualified  as 
above  mentioned,  to  act  od  inierim  till  such  vacancies  be  supplied. 

That  the  Fariiamentary  Committee  have  the  power  to  call  in  the  aid  of 
any  Members  of  the  Legislature  on  any  occasion  on  which  they  may  deem 
such  assistance  expedient* 

That  the  Rer.  Dr.  Whewell,  the  Earl  of  Rosse,  Sir  John  F.  W.  Herschel, 
aAd  the  Astronomer  Roy al|  be  a  Committee  to  apply  to  Her  Migesty's  GoTcm- 
ment  with  a  view  of  inducing  them  to  send  an  expedition  consisting  of  one 
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or  two  small  vesselt  to  trace  the  course  of  the  Tides  in  the  Atlantic,  witii  an 
especial  view  to  ascertain  the  points  of  divergence  and  of  convergence  of 
the  tidal  wave  on  the  West  Coast  of  Africa  and  on  the  East  Coast  of  South 
America,  the  progress  of  the  diurnal  inequality  and  of  the  semi-mensual  in- 
equality on  those  coasts,  the  relation  of  the  tides  at  islands  remote  from  the 
coasts  with  the  tides  on  the  coasts,  and  the  direction  and  degree  of  the 
streams  of  ebb  and  flow  in  the  various  regions  of  the  Ocean. 

The  Committee  having  had  brought  to  their  notice  the  zoological  and 
anatomical  investigations  made  by  Mr.  T.  H.  Huxley,  Assistant  Surgeon  of 
Her  Majesty's  Ship  Rattlesnake,  during  the  Surveying  Voyages  conducted 
bv  the  late  Captain  Owen  Stanley  on  the  Coasts  of  Australia  and  New 
Guinea,  and  believing  those  researches  to  be  of  the  greatest  value  and  to 
throw  new  light  on  the  structure  and  history  of  tribes  of  animals  hitherto 
imperfectly  understood, — 

Resolved, — That  application  be  made  to  Her  Majesty's  Govemmeut  for  a 
grant  towards  their  publication,  since  without  such  aid  the  materials  col- 
lected and  researches  made  during  the  Expedition  in  question  cannot  be 
placed  before  the  public. 

The  Committee,  having  had  brought  to  their  notice  the  extent  and  im- 
portance of  the  Botanical  Collections  and  observations  made  by  Dr.  J.  D. 
Hooker  and  Dr.  T.  Thomson  in  the  Himalaya  Mountains  and  other  parts 
of  India  where  they  have  lately  been  employed  on  Botanical  missions  under 
Her  Majesty's  Government  and  the  East  India  Company,  and  to  which  special 
attention  was  directed  in  the  opening  address  of  the  President  of  the  Aaso* 
ciation;  and  having  further  learned  that  other  valuable  collections  have 
lately  been  made  in  the  Himalaya  by  Major  Madden,  Captain  R.  Strachey 
and  Mr.  J.  E.  Winterbottom,  which  are  now  available;  also  taking  into  con- 
aideration  the  amount  of  unpublished  materials  from  the  same  country  still 
deposited  in  our  Museums ;  and  knowing  that  Drs.  Hooker  and  Thomson, 
who  are  both  accomplished  Botanists,  are  willing  to  undertake  the  arrange* 
ment  of  all  these  materials  with  the  intention  of  combining  them  with  fohner 
publications  into  a  general  Indian  Flora, — 

Resolved, — That  Her  Majesty's  Government  and  the  Court  of  Directors  of 
the  East  India  Company  be  requested  to  give  the  aid  essential  for  the  speedy 
publication  of  such  a  work,  which  they  conceive  would  be  a  most  valuable 
addition  to  our  Botanical  knowledge,  but  which  is  manifestly  beyond  the 
means  of  private  individuals.  They  would  further  add,  that  it  appeara  to 
them  most  important  that  immediate  steps  should  be  taken  in  this  matter 
while  the  great  mass  of  the  Collections  is  still  uninjured  by  time,  and  while 
their  description  can  be  undertaken  by  the  very  peraons  who  made  them, 
— a  combination  of  advantages  which  must  soon  be  lost. 

The  Committee  of  the  Britbh   Association  having  had  brought  before 
them  the  explorations  of  Captain  Richard  Strachey  of  the  Bengal  Engineers** 
in  the  Himalaya  Mountains  and  Thibet,  and  the  desirableness  of  the  speedy 
publication  of  these  researches, — 

Resolved, — That  a  request  be  made  to  the  Court  of  Directors  of  the  East 
India  Company  to  afford  to  Captain  Strachey  such  aid  as  will  enable  him  to 
lay  them  before  the  public  with  such  illustrations  in  Maps  and  Plates  as 
are  essential  for  their  proper  elucidation. 

Reports  requested. 
Rev.  Dr,  Uobinson.-*-On  the  Progress  of  Captive  Balloon  Experiments. 
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Sir  W.  S.  Harris.—- On  the  Progress  of  the  Reduction  of  12  years*  Anemo- 
metrical  Observations  placed  in  his  hands  for  that  purpose. 

Prof,  W,  Thomson.— On  Electrical  Theories. 

Professor  Powell. — On  Radiant  Heat 

Lieut^CoL  Sabine. — Results  of  Magnetic  Cooperation  and  Magnetic  Sur- 
veys. 

Committee  (Prof.  Daubeny,  Prof.  Graham,  Sir  R.  Kane,  Prof.  Gregory 
and  Prof.  Williamson)^ — On  Nomenclature  of  Organic  Substances. 

W.  Thompson,  Esq. — On  Natural  History  of  Ireland. 

Committee  of  Prof.  Henslow,  W.  Thompson,  Esq.,  Sir  W.  Jardine,  Prof* 
Phillips,  C.  C.  BabiDgton,  Esq.,  A.  Strickland,  Esq.,  H.  E.  Strickland,  Esq. 
Prof.  E.  Forbes,  F.  W.  Johnson,  Esq.,  Prof.  Ansted,  Prof.  Owen,  Dr.  J.  D. 
Hooker,  J.  S.  Bowerbank,  Esq.,  Rev.  M.  J.  Berkeley,  Prof.  Harvey,  J.  E. 
Gray,  Esq.,  J.  Alder,  Esq.,  Dr.  G.  Johnston. — On  Typical  Arrangements  in 
Provincial  Museums  of  Natural  History. 

W.  Fairbaim,  Esq. — On  Mechanical  Properties  of  Metals  as  derived  from 
repeated  meltings,  exhibiting  the  maximum  point  of  strength  and  the  causes 
of  deterioration. 

Sir  D.  Brewster  was  requested  to  publish  his  Experiments  on  the  Spectrum. 

Printing  of  Communicaiions. 

That  Mr.  Drew's  Tables  of  Mean  Results  of  Meteorological  Observations 
at  Southampton  be  printed  at  length  in  the  Volume  of  the  Association. 

That  M.  Dumas  be  requested  to  favour  the  Association  with  a  written 
statement  of  his  verbal  remarks  *^  On  Atomic  Volume  and  Atomic  Weight» 
with  considerations  on  the  probability  that  certain  bodies  now  considered  as 
Elementary  may  be  decomposed,"  for  the  purpose  of  being  printed  in  full  in 
ihe  Report  for  the  present  year. 

That  Professor  Daubeny  be  requested  to  furnish  a  copy  of  his  papel^  **  On 
the  Chemical  Nomenclature  of  Organic  Substances,"  to  be  printed  in  the 
Volume  of  Reports^  and  that  the  Committee  appointed  on  this  subject  be 
furnished  as  early  as  possible  with  100  copies  of  such  communication  for 
circulation  amongst  those  chemists  most  likely  to  afford  assistance. 

Miscellaneous. 

That  the  following  gentlemen  be  requested  to  act  as  a  Sub-committee  to 
consider  and  report  to  the  Council  within  two  months  on  the  propriety  of 
printing,  in  the  next  Volume  as  a  Report,  Dr.  Donaldson's  paper  <<On 
Ethnographical  Classification:" — The  Chevalier  Bunsen,  Dr.  Latham,  CoL 
Rawlinson,  Rev.  Mr.  Rigaud  and  Mr.  Cull. 

That  Mr.  Cull  be  added  to  the  Conmiittee  to  print  Ethnological  queries,  in 
the  place  of  Vice« Admiral  Malcolm,  deceased. 

N.B.  The  following  Recommendations  from  the  Committee  of  Section  C 
(Geology),  did  not  reach  the  Committee  of  Recommendations  in  time  to  be 

reported  on,  but  have  been  since  acted  on  by  direction  of  the  Council : 

That  a  Committee  be  appointed  to  take'  into  consideration  and  report 
upon  the  exact  position,  number  and  nature  of  the  phosphatic  beds  of  the 
^^..-^nig,  and  to  connect  this  subject  with  that  of  mineral  manures  generally  with 
merence  to  their  scientific  and  ceconomic  value ;  and  further  to  investigate 
the  geological  conditions  under  which  the  so-called  <  Coprolites '  and  other 
drift^  Organic  and  Jnoi^anic  bodies  occur  in  the  Red  Crag,  and  the  proba- 
ble soareea  from  which  these  bodies  have  been  respectively  derived.    The 
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.Committee  to  consist  of  Prof.  Henslow,  Mr.  Searies  Wood  and  Mr.  Long, 
with  power  to  add  to  their  number. 

That  Mr.  Searies  Wood  be  requested  to  prepare  for  the  next  Meeting 
of  the  Association,  a  Report  of  the  observed  distribution  of  the  speoific 
forms  of  Vertebrata  and  Invertebrata  in  Uie  supracretaceous  deposits  in  the 
vicinity  of  Ipswich. 

That  Mr.  Logan^s  paper  on  the  Geology  of  Canada  be  printed  ia  full  in 
the  next  Volume  of  the  Reports  of  the  Association* 


Synopsis  of  Grants  of  Money  appropriated  to  Setentific  Ol^ects  by  the 
General  Committee  at  the  Ipswich  Meeting  in  July  1851|  with 
the  Name  of  the  Member^  who  alone,  or  as  the  First  qf  a  Committe9$ 
is  entitled  to  draw  for  the  Money. 

Kew  Observatory,  £      $,  d. 

At  the  disposal  of  the  Council  for  defraying  Expenses SCO    0     0 

MathemaHeal  and  Physical  Science. 
FoaBSS,  Prof.  J.  D.— Experiments  for  the  purpose  of  testing  the 

results  of  the  Mathematical  Theory  of  Heat    50    0    0 

Chemical  Science, 

HuNTy  Mr.  R.— Influence  of  the  Solar  Radiations  or  Chemical 
Combinations,  Electrical  Phsenomenai  and  the  Vital  Powers 
of  Plants  growing  under  different  atmospheric  conditions  •  •     1^0    0    0 

Cfeoloyy. 

RAMSiiT,  Prof.— 'Geological  Map  of  Great  Britain  and  Irelandt 
for  the  use  of  the  Geological  Section  during  the  Meetings 
of  the  Association ••••• 15     0     0 

Natural  History, 

FoEBBS,  Prof.  E.— Researches  on  Annelida 10    0     0 

Stricklamd,  H.  E.«-Viul]ty  of  Seeds 6    0     Q 

Staiisties. 

MoHTBAOLBy  LoBO — Report  on  the  Census  of  tlie  UnitedKing* 

dom •  •  •  •     20     0     0 

Mechanical  Science. 

Faibbairn,  Mr.  W.C.E. — Experiments  on  the  Tensile  Strengtji 

of  Wrought  Iron  Boiler  plates  at  various  temperatures    .  •     20    0    0 

Oranto £441     0     0 
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OcMTol  SttOemmi  of  8um$  which  have  been  paid  an  Aceofint  of  QranU  for 

Sdeniific  Purposes, 


18d4. 


Tide  Discussions 


£ 

to 


d. 
0 


\M5. 

Tide  Discussions     •  •  • .     6S  0  0 

BritishFossil  Ichthyology  105  0  0 

£167  0  0 


1886. 
Tide  Discussions     ••.•168  0  0 
BritishFossil  Ichthyology  105  0  0 
Thermometric  Observa- 
tions, &c.  • 50  0  0 

Bxpfriments   on    long- 
continued  Heat    ••••     17  1  0 

Rain  Gauges 9  1&  0 

Refraction  Experiments     15  0  0 

Iiuaar  Nutation  ••••••     60  0  0 

Tbarmometera    •••••.     15  6  0 


£484  14     0 


1837* 

Tide  Diseusiiont  •.••••  284     1  0 

Chemieal  Constants     .«     t4  18  6 

Lunar  Nutation •     70    0  0 

Observations  on  Waves.  100  \%  0 

■  Tides  at  Bristol 150     0  0 

Meteorology  and  Subter« 

ranean  Teniperaturv  •     89     5  0 

VitrificationExperinienta  150    0  0 

Heart  Experiments ••••       8    4  6 

Barometric  Obsenrations    80    0  0 

Barometers  •••..•.•••     11  18  6 


£918  14     6 


1888. 

Tide  Discussions 29     0     0 

British  Fossil  Fishes    ..100     0     0 

Meteorological  Observa- 
tions and  Anemometer 
(construction) 100     0     0 

Cast  Iron  (strength  of)  .     60     0     0 

Animal  and  Vegetable 
Substances  (preserva- 
tion of)    19     1   10 

Carried  forward  £308    1  10 


Brought  forward 
Railway  Constants  •  •  •  • 

Bristol  Tides 

Growth  of  Plants    .... 

Mud  in  Rivers     • 

Education  Committee  •  • 
Heart  Experiments. .  •  • 
Land  and  Sea  Level  .  • 
Subterranean  Tempera- 
ture • .  •  • 

Steam- vessels  .••••••• 

Meteorological  Commit- 
tee     • , , , 

Thermometers     •••••• 


£    s.    d. 

808     1  10 

41  12  10 

50     0     0 

75     0 

8     6 

50     0 

5     8 

267     8 


1889* 
Fossil  Ichthyology  . . . , 
Meteorological  Observa- 
tions at  Plymouth   .  •     68 
Mechanism  of  Waves  •  •  144 

Bristol  Tides 95 

Meteorology  and  Sub te  r- 

ranean  Temperature  •  21 
VitrificationExperiments  9 
Cast  Iron  Experiments  •  100 
Railway  Constants  • .  • .  2% 
Land  and  Sea  Level  ••  274 
Steam- Vessels'  Engines.  100 
Stars  in  Histoire  Celeste  881 


11 
4 
0 

r 

1 

0 


Stars  in  Lacaille 
Stars  in  R.A.S.Catal^ue 
Animal  Secretions  .... 
Steam-engines  in  Corn- 
wall  

Atmospheric  Air •     16 

Cast  and  Wrought  Iron.     40 
Heat  on  Organic  Bodies      8 
Gases    on   Solar   Spec- 
trum     

Hourly  Meteorological 
Observations,  Inver- 
ness and  Kingussie .  • 

Fossil  Reptiles     118 

Mining  Statistics 50 


49 


8  6  0 

100  0  0 

81  9  5 

16  4  0 


£956  12     2 


110     0     0 


10    0 

2    0 

18     6 


18 

6 

0 

0 

16 

6 

10 

0 

0 

0 

1 

0 

0 

0 

0 

0 

11 

6 
10 

50 


22     0     0 


7  8 
2  9 
0     0 


£1595  11     0 
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£    $.    d. 
1840. 

Bristol  Tides   100     0     0 

Subterranean  Tempera- 


ture  .••••••••••••• 

Heart  Experimenu.  •  •  • 

18  13 
18  19 

6 
0 

Lungs  Experiments    •  • 

8  13 

0 

Tide  Discussions,  •  •  •  •  • 

50     0 

0 

Land  and  Sea  Level    •  • 

6  11 

1 

Stars  (Histoire  Celeste) 

242  10 

0 

Stars  (Lacaille)    

4  15 

0 

Stars  (Catalogue)    .... 

264     0 

0 

Atmospheric  Air.  •  •  •  •  • 

15  15 
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Extracts  from  Resolutions  of  the  General  Committee* 

Committees  and  individuals,  to  whom  grants  of  money  for  scientific  pur- 
poses have  been  entrusted,  are  required  to  present  to  each  following  meeting 
of  the  Association  a  Report  of  the  progress  which  has  been  made ;  with  a 
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statement  of  the  sumi  which  have  been  expended,  and  the  balance  which 
remains  disposable  on  each  grant. 

Grrants  of  pecuniary  aid  for  scientific  purposes  from  the  funds  of  the  As* 
sociation  expire  at  the  ensuing  meeting,  unless  it  shall  appear  by  a  Report 
that  the  Recommendations  have  been  acted  on,  or  a  continuation  of  them  be 
ordered  by  the  General  Committee. 

In  each  Committee,  the  Member  first  named  is  the  person  entitled  to  call 
on  the  Treasurer,  John  Taylor,  Esq.,  6  Queen  Street  Place,  Upper  Thames 
Street,  London,  for  such  portion  of  the  sum  granted  as  may  from  time  to 
time  be  required. 

In  grants  of  money  to  Committees,  the  Association  does  not  contemplate 
the  payment  of  personal  expenses  to  the  Members. 

In  all  cases  where  additional  grants  of  money  are  made  for  the  continua- 
tion of  Researches  at  the  cost  of  the  Association,  the  sum  named  shall  be 
deemed  to  include,  as  a  part  of  the  amount,  the  specified  balance  which  may 
remain  unpaid  on  the  former  grant  for  the  same  object. 


General  Meetings  (tn  the  Com  Exchange), 

On  Wednesday,  July  2nd,  at  8  p.m.,  tlie  late  President,  Sir  David  Brewster, 
K.H.,  D.C.L.,  LL.D.,  F.R.S.,  V.P.R.S.E.,  resigned  his  Office  to  George 
Biddell  Airy,  Esq.,  M.A.,  D.C.L.,  F.R.S.,  Astronomer  Royal,  who  took  the 
Chair  at  the  General  Meeting,  and  delivered  an  Address,  for  which  see 
p«  xxxix* 

On  Thursday,  Julydrd,  a  Microscopic  Soiree  took  place  from  8  to  10  p.m. 

On  Friday,  July  4th,  at  8  p.m.,  Richard  Owen,  Esq.,  F.R.S.,  Pro^ssor  of 
Anatomy  in  the  College  of  Surgeons,  London,  delivered  a  Discourse  on  the 
distinction  between  Plants  and  Aniipals,  and  their  Changes  of  Form. 

On  Monday,  July  7th,  at  8  p.m.,  the  President,  G.  B.  Airy,  Esq.,  F.R.S., 
Astronomer  Royal,  delivered  a  Discourse  on  the  Total  Solar  Eclipse  of 
July  28,  1851. 

On  Tuesday  Evening,  July  8th,  at  8  p.m.,  the  concluding  General  Meeting 
of  the  Association  was  held  in  the  Theatre  of  the  Mechanics'  Institute,  when 
the  Proceedings  of  the  General  Committee,  and  the  gprants  of  Money  for  scien- 
tific purposes  were  explained  to  the  Members. 

Tlie  Meeting  was  then  adjourned  to  Belfast  in  185)3*« 
«  The  Meeting  U  appomted  to  take  (lace  on  Wednesday,  the  Ut  of  September,  1862. 
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GEORGE     BIDDELL     AIRY, 
M.A.,  D.G.L.,  F.R.S.9  &c.,  Astkonomsr  Royal. 


GsNTLBMBN  OF  THE  BRITISH  ASSOCIATION, — ^I  cannot  take  the  Chair 
at  this  meetingi  even  after  the  cordial  invitation  of  your  General  Com- 
mittee, without  a  painful  feeling,  not  only  of  the  general  responsibilities  of 
the  position,  but  also  of  the  di£Sculties  which  are  peculiar  to  myself.  En« 
gaged  officially  in  a  science  the  pursuit  of  which  leaves  little  leisure  for  the 
employment  of  time  and  little  freedom  for  the  range  of  thought,*  I  follow 
a  philosopher  whose  investigations  have  been  dispersed  through  almost 
every  branch  of  physical  science.  My  own  attendance  at  the  meetings  of 
the  Association  has  been  limited,  and  my  acquaintance  with  its  forms  of 
proceedings  small :  and  I  feel  the  disadvantage  of  succeeding  in  this  Chair 
one  who  may  justly  be  regarded  as  the  Founder  of  the  Association.  Still, 
I  have  judged  it  incumbent  on  me  to  accede  to  the  honourable  invitation 
which  was  pressed  upon  me ;  and  to  endeavour,  by  attention  to  the  busi- 
neu  of  the  meeting,  to  render  such  services  to  the  Association  as  it  may 
he  in  my  power  to  oflfer,  and  such  as  may  in  some  degree  compensate  for  the 
partial  disabilities  to  which  I  have  alluded.  We  meet,  not  as  a  body  of  ac- 
complished  philosophers,  but  as  a  number  of  individuals,  each  of  us  anxious 
for  the  advance  of  science,  each  of  us  sensible  that  he  cannot  urge  every  part 
of  it  by  his  own  personal  contributions,  but  each  of  us  desirous  of  assisting 
it  in  any  direction  in  which  his  knowledge  or  his  talents,  whether  scientific 
or  administrative,  enable  him  to  give  efficient  aid.  Permit  me,  on  this  occa- 
•m,  to  meet  you  on  the  same  terms ;  and  let  me  offer  you  my  assurance  that, 
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though  the  title  of  President  may  not  be  connected  with  the  highest  talent 
or  the  most  universal  knowledge  in  this  great  assembly,  you  shall  neverthe- 
less find  that  it  is  not  attached  to  the  least  industrious  or  the  least  ardent  of 
its  members. 

It  is  required  by  the  custom  of  the  Association  that  at  the  opening  of  each 
of  its  meetings  the  President  should  lay  before  the  Association  such  remarks 
on  the  state  of  those  sciences  which  are  included  in  its  objects,  and  especially 
such  an  account  of  their  progress  in  the  past  year,  as  he  may  judge  suitable 
to  the  time  and  serviceable  for  the  guidance  of  the  Association  in  the  conduct 
.  of  the  commencing  meeting.  I  find  it  impossible  to  give  even  the  most  sum- 
mary  statement  of  this  nature  without  alluding  to  the  acts  of  the  Association, 
and  to  the  establishment  or  modification  of  other  institutions  connected  with 
Science  or  Art;  and  I  propose,  therefore,  t6  submit  td  yoU  the  mingled  hi- 
story of  the  progress  of  Science, — of  the  efforts,  the  successes,  and  the  failures 
of  the  Association  in  reference  to  it, — and  of  the  state  of  some  other  insti- 
tutions. In  some  departments  I  fear  that  my  account  will  be  extremely  de- 
fective :  I  trust,  however,  that  those  of  my  hearers  who  may  be  sufficiently 
interested  in  this  Address  to  notice  its  omissions  will  not  fail  to  use  the  op- 
portunities of  various  kinds  which  the  discussions  in  the  Sectional  meetings 
afford  for  supplying  them. 

Commencing,  then,  with  the  subject  which  stands  first  in  the  Reports  of 
Ihe  Association,  and  on  which  the  funds  of  the  Association  have  been  most 
generously  expended  and  its  influence  very  energetically  employedi  I  remaric 
that  the  progress  of  Astronomy  in  the  last  year  has  been  Very  great.  Tha 
fiarl  of  Rosse  has  bean  much  engaged  in  experiments  on  the  best  methods 
of  supporting  and  using  his  large  mirrors.  The  construction  adopted  soma 
time  since  is  still  retained ;  namely,  a  system  of  levers  distributing  theii* 
pressures  uniformly  over  eighty-one  pointsi  each  pressure  being  transmitted 
through  a  small  ball  which  permits  to  the  mirror  perfect  fireedom  of  slippiiig 
in  its  own  plane,  so  as  to  take  proper  bearing  in  the  chiun  or  hoop  which 
supports  it  edgeways.  To  Lord  Rosse's  critical  eye  the  effin^t  even  of  thia 
nountingi  though  gready  superior  to  that  of  any  preceding,  is  not  qait« 
perfect.  In  the  progress  of  the  experiments,  some  singular  results  have  been 
obtained  as  to  the  set  which  ft  metal  so  hard  al  Lord  Rosse's  compositioa 
may  receive  from  an  unequal  pressure  of  very  short  duration.  A  surfiioe  of 
silver,  I  believe,  has  now  been  successfully  used  for  the  small  reflector«  Of 
the  character  of  the  discoveries  in  nebulsB  made  with  this  instrument  I  can«- 
not  briefly  give  any  very  correct  idea.  The  most  remarkable  is,  the  diseo* 
very  of  new  instances  of  spirally-arranged  nebulsB :  but  there  are  also  soma 
striking  examples  of  dark  holes  in  bright  matter,  dark  clefts  in  bright  rays^ 
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and  resoltability  of  apparently  nebulous  matter  into  stars.  I  do  not  deny 
the  importance  of  the  last  observation ;  but  as  it  might  be  predicted  before* 
hand  that  the  increase  in  the  dimensions  of  telescopes  would  lead  to  more 
extensive  resolution  of  nebulae,  I  do  not  hold  the  inference  to  be  by  any 
means  certain  that  all  nebulae  are  resolvable.  Mr.  Lassell  exhibited  at  the 
last  meeting  of  the  Association  a  plan  for  supporting  his  two-feet  mirrors 
without  flexure*  This  plan,  slightly  modified,  has  been  adopted  in  use :  and 
I  am  assured  that  the  improvement  in  what  before  seemed  almost  perfect 
definition  is  very  great.  The  removal  of  the  vexatious  fiscal  interferences 
With  the  manufacture  of  glass,  and  the  enterprise  with  which  Mr.  Chance  as 
manufacturer  and  Mr.  Simms  and  Mr.  Ross  as  opticians,  have  taken  up  the 
construction  of  large  object-glasses,  promise  to  lead  to  the  most  gratifying 
results.  Already  Mr.  Simms  has  partially  tested  object-glasses  of  1 3  inches 
Aperture ;  and  one  of  16  inches  is  waiting  not  for  the  flint  but  for  the  crown 
lens.  Mr.  Ross,  it  is  understood,  has  ground  an  object-glass  of  ft  feet 
aperture  $  but  it  has  not  been  tested.  The  facility  of  procuring  large  object- 
glasses  will  undoubtedly  lead  to  the  extensive  construction  of  graduated  in* 
Btmments  on  a  larger  scale  than  before ;  and  it  is  in  this  view  that  I  contem- 
plate as  a  matter  of  no  small  importance  the  erection  (this  year)  of  the  large 
transit^irele  at  the  Royal  Observatory  at  Greenwich.  It  is  known  to  many 
members  of  the  Association  that  this  instrument  was  constructed  in  this  town, 
by  Messrs.  Ransomes  and  May ;  and  for  the  admirable  proportions  of  its 
various  parts,  for  the  firmness  of  fitting  of  the  few  portions  of  which  it  is 
composed^  and  for  the  accuracy  of  the  external  forms  of  pivots,  &c.,  it  may 
well  be  considered  as  one  of  the  finest  specimens  of  engineering  that  has  ever 
been  produced.  As  an  example  of  an  excellent  mechanical  structure  carry- 
ing a  large  object-glass,  I  think  it  probable  that  this  Greenwich  transit-circle 
may  have  a  great  influence  on  the  construction  of  future  instruments.  I  bad 
hoped  to  be  able  by  this  time  to  report  to  the  Association  on  the  American 
method  of  recording  transits,  by  a  puncture  or  dot  produced  by  a  galvanic 
agency  whose  circuit  is  closed  by  a  touch  of  the  observer's  finger, — and  espe- 
cially on  its  fitness  for  the  wants  of  a  really  active  observatory  $  but  the  de« 
lays  of  construction  have  prevented  me  from  doing  so.  Shortly  before  the 
last  meeting  of  the  Association,  the  President  for  the  time  (Dr.  Robinson) 
transmitted  to  the  Government,  on  the  part  of  the  Akssociation,  a  general 
request  that  a  large  reflecting  telescope  might  be  sent  to  some  of  the  British 
possessions  ia  the  southern  hemisphere,  for  the  purpose  of  observing  the 
southern  nebulae  $  and  shortly  after  that  meeting  an  answer  was  received 
from  the  Lords  of  the  Treasury,  to  the  effect  that  their  Lordships  entirely 
teoognised  the  importance  of  the  object,  but  that  there  appeared  to  be  prac* 
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tical  difficulties  in  the  immediate  execution  of  the  design.  I  oumot  ckmbt 
that  when  a  more  explicit  plan  has  been  formed,  another  representation  will 
be  accompanied  with  the  same  success  which  has  attended  every  applicadoo 
made  by  the  Association  for  aid  in  a  carefully  arranged  design.  It  will  be 
interesting  to  the  Association  to  learn  that  the  continuation  of  the  obserra- 
tions  on  a  Centauri  at  the  Cape  of  Good  Hope  has  fully  confirmed  the  resnh 
first  obtained, — ^namely,  that  the  parallax  of  that  star  exceeds  nine^tenUiB  of 
a  second,  or  that  its  distance  from  the  sun  is  about  twenty  billions  of  miles; 
So  far  as  we  have  the  means  of  judging,  this  star  is  our  nearest  neighbour  in 
the  sidereal  spaces.  The  attention  of  foreign  astronomers  is  still  directed  to 
the  irregularities  in  the  proper  motions  of  stars,  and  the  opinion  seems  to  be 
gaining  ground  that  many  of  them  are  accompanied  by  non-luminous  com- 
panions.  In  our  own  solar  system,  the  most  remarkable  discovery  is  that 
(made  independently,  though  on  different  days,  in  America  and  in  England) 
of  a  dusky  ring  interior  to  the  well-known  rings  of  Saturn.  It  now  appeari 
that  it  had  been  seen  several  years  before ;  but  it  then  attracted  no  attention. 
How  such  a  ring  is  composed,  and  how  sustained,  are  questions  upon  whidi 
perhaps  the  physical  astronomer  may  long  employ  himself.  But  the  disco- 
very  for  which  the  year  will  be  roost  frequently  cited  is  that  of  three  addi« 
tional  planeta,  included  in  the  same  planetary  space — ^between  Mars  and  Ju- 
piter — in  which  eleven  others  had  been  previously  found.  The  last  of  these 
(Irene)  discovered  by  Mr.  Hind,  observer  in  the  private  observatory  of  Mr. 
Bishop,  forms  the  fourth  of  his  list, — and  makes  his  number  the  greatest 
that  any  one  man  has  ever  discovered.  Some  time  since,  a  grant  was  made 
by  the  British  Government  for  the  perfection  of  the  Lunar  Theory  and  Lonar 
Tables  on  which  Prof.  Hansen,  of  Gotha,  had  been  engaged,  but  whose  pro- 
gress was  stopped  by  the  interruption  of  funds  in  consequence  of  the  unhappy 
Schleswig-Holstein  war.  I  understand,  that  with  the  aid  of  this  grant, 
equally  honourable  to  the  British  Government  and  to  the  foreign  philo- 
sopher, the  work  is  now  rapidly  advancing.  I  have  reason  to  believe  that 
the  theories  of  Uranus  and  Neptune  are  now  undergoing  careful  revision ; 
and  I  trust  that  one  of  the  elementa  most  urgently  required,  namely,  the 
mass  of  Neptune,  will  be  supplied  from  observations  of  Neptune's  satellite 
made  with  the  large  telescopes  to  which  I  have  alluded. 

At  the  Edinburgh  meeting,  the  attention  of  the  Mathematical  and  Physical 
Section  was  called  by  M.  O.  Struve  (there  present)  to  the  total  eclipse  of 
the  sun  which  is  to  occur  on  tlie  28th  day  of  the  present  month ;  and  the 
General  Committee  appointed  a  Committee  of  members  of  the  Association 
to  draw  up  Suggestions  for  the  observation  of  the  eclipse.  These  Suggestions 
have  been  extensively  distributed  both  at  home  and  abroad :  and  I  am  happy 
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10  announce  one  of  the  results.  After  consideration  of  the  singular  appear- 
ances observed  in  the  eclipse  of  1842,  it  was  determined  by  the  Committee 
to  recommend  (among  other  things)  that  observing  stations  should  be  se- 
lected, if  posable,  in  triplets :  the  three  stations  of  each  triplet  haying  rela- 
tion to  the  north  boundary,  the  centre,  and  the  south  boundary  of  the  shadow* 
The  Russian  Government  has  fully  adopted  this  suggestion ;  and  has  actually 
equipped  six  triplets,  including  in  all  eighteen  stations,  with  observers  and 
instruments  for  the  observation  of  the  eclipse.  Russian  officers  in  the  Sea 
of  Asov  and  the  Black  Sea  will  also  observe  it.  Since  the  issue  of  the  Sug« 
gestions,  the  observations  made  last  year  on  an  eclipse  visible  at  Honolulu 
in  the  Sandwich  Islands  have  been  received ;  and  they  make  us,  if  possible, 
still  more  desirous  that  the  spirit  of  the  Suggestions  should  be  complied 
with,  as  far  as  possible.  There  is  only  one  subject  of  regret  connected  with 
this  remarkable  eclipse, — namely,  that  it  will  deprive  us  of  the  assistance  of 
several  astronomers  who  would  undoubtedly  have  joined  this  meeting  but 
for  the  necessity  of  being  ready,  at  definite  points,  for  the  observation  of  the 
phaenomena. 

Among  subjects  related  in  some  measure  to  astronomy,  I  may  first  allude 
to  M.  Foucault*s  experiment  on  the  rotation  of  the  plane  of  a  simple  pen- 
dulum's vibration ;  an  experiment  which  has  excited  very  great  attention 
both  in  France  and  in  England,  as  visibly  proving,  if  proof  were  necessary, 
the  rotation  of  the  earth.     It  is  certain  that  M.  Foucault's  theory  is  correct, 
bat  it  is  also  certain  that  careful  adjustments,  or  measures  of  defect  of  ad- 
justment, are  necessary  to  justify  the  deduction  of  any  valid  inference.     For 
want  of  these,  the  experiment  has  sometimes  failed.    The  Council  of  the 
Association  have  long  regretted  the  very  great  delay  which  has  occurred  in 
the  publication  of  the  geodetic  results  of  our  great  National  Survey ;  and 
they  were  prepared  some  time  since  to  represent  strongly  to  the  Government 
the  expediency  of  taking  immediate  steps  for  completing  the  few  calculations 
which  yet  remained  to  be  made,  and  for  publishing  the  whole  in  a  form 
which  should  be  available  for  discussions  of  the  figure  of  the  earth.    On 
communicating  with  the  Royal  Society  they  learned  that  that  body  had  made 
SQ  urgent  recommendation  to  the  same  tenor,  and  that  in  consequence 
Government  had  consented  to  place  on  the  Estimates  a  sum  of  money  ex- 
pressly for  the  purpose  of  completing  and  publishing  the  scientific  portions 
of  the  survey.    I  have  received  official  information  that  this  work  is  now  in 
active  progress ;  and  I  cannot  but  remark  on  it  as  a  striking  instance  of  how 
mttch  may  be  sometimes  effected  for  the  purposes  of  science  by  simply  com« 
pleting  what  is  nearly  complete.    The  great  Swedish  and  Russian  Arc  of 
Meridian,  from  the  North  Cape  to  the  Danube,  is  so  far  advanced  that  ito 
coBBpktion  is  expected  in  the  present  year. 
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At  the  last  meeting  of  the  Aflaociation,  a  Committee  waa  appointed  #x^ 
preasly  to  urge  on  the  Government,  what  had  long  ejccited  the  attention  of 
the  Association,  the  defective  state  of  the  Survey  as  regards  Scotland*  I  am 
happy  in  stating  that  there  is  strong  reason  to  hope  that  a  large  sum  will  in 
future  be  appropriated  to  the  Scotch  Survey.  Whether  this  be  considered 
as  giving  to  the  country  the  advantages  of  an  accurate  territorial  map  or  as 
aiding  in  a  most  peculiar  degree  in  geological  inquiries,-^n  either  point  of 
view  it  is  a  matter  of  interest  to  the  Association,  and  it  will  be  a  matter  of 
satisfaction  to  them  that,  mainly  through  their  representation,  this  object  has 
been  attained. 

The  next  subject  to  which  the  influence  of  the  Association  was  ener* 
geticaUy  directed  is,  Terrestrial  Magnetism ;  with  which  Meteorology  has 
usually  been  associated.  Although  the  active  employment  of  several  of  the 
Colonial  Magnetic  and  Meteorological  Observatories  has  terminated  (those 
only  of  Toronto,  Hobartown,  Cape  of  Good  Hope,  Madraa  and  Bombay 
being  retained,  and  only  in  partial  activity),  the  work  connected  with  -them 
has  not  yet  ceased.  Much  has  yet  to  be  done  in  the  printing  and  discusaicm 
of  the  observations :— a  work  going  on  under  the  care  of  Col.  Sabine.  In 
tacit  association  with  the  representative  of  the  Government,  the  agents  of  the 
Association  are  employed  at  the  Kew  Observatory,  under  the  supenqtend** 
ence  of  Mr.  Ronalds,  in  devising  or  examining  new  instruments.  Th^  Da* 
guerreotype  method  of  self-*registration  (which  is  perhaps  liable  to  this  ob« 
jection,  that  the  original  records  are  destroyed)  has  been  extended  to  the 
vertical-force  instrument.  Apparatus  has  been  arranged  for  the  graduation 
of  original  thermometers — a  subject  to  which  the  attention  of  M.  Regmmlt 
and  Mr.  Sheepshanks  had  been  advantageously  directed.  And,  with  the 
assistance  of  a  portion  of  the  sum  placed  by  the  Grovemment  at  the  diapoaal 
of  the  Royal  Society  (to  which  I  shall  hereafter  refer),  it  is  hoped  by  the 
officers  of  the  Association  that  the  Kew  Observatory  will  be  made  really 
efficient  for  the  testing  of  new  instruments.  Dr.  Robinson's  very  instructive 
account  of  his  new  anemometer  has  lately  been  received :  this  instrument, 
however,  has  not  yet  been  used  in  many  places.  Among  the  immediate  de- 
ductions from  magnetic  observations,  I  may  specially  mention  Col.  Sabine's 
remarks  on  the  periodical  laws  discoverable  in  disturbances  apparently  of  the 
most  irregular  kind,  and  M.  Kamtz's  corrections  of  the  Gaussian  constants. 
Among  the  more  distant  results,  there  is  nothing  comparable  to  the  experi- 
mental inquiries  into  the  magnetic  properties  of  oxygen,  and  especially  into 
the  variation  of  its  power,  made  by  Messrs.  Faraday  and  BecquereU^-^ond 
the  application  of  these  results  to  the  explanation  of  the  phenomena,  in 
almost  all  their  varied  forms,  of  so-called  terrestrial  magnetism.  It  is  to  the 
former  of  these  philosophers  that  this  great  step  in  th^  ^planatipn  pf  pbacpiv 
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Batursl  phanomena  by  iaferonee  from  delicate  experinienU,  k  maioly  or 
entirely  dae.  MuQb»  of  course*  remaios  to  be  done,  before  we  can  pronounce 
accurately  bow  far  this  principle  enables  us  to  account,  without  reference  to 
any  other  cause,  for  the  regular  changes,  as  well  as  for  the  capricious  disturb- 
ances, in  ordinary  magnetism.  I  ought  not  to  omit  stating  that  such  general 
iM^planatiod  bad  long  ago  been  suggested  in  a  very  remsrkable  pap^r  by 
Mr.  Christie ;  but  the  experimenu  actually  applying  to  the  magnetic  pro- 
perties of  oxygen  were  unknown,  and  perhaps  impossible,  at  that  time.  In 
the  science  of  abstract  magnetism,  the  distinction  between  paramagnetic  and 
diamagnetic  substances  has  been  thoroughly  worked  out  by  Mr.  Faradayi 
and  is  now  received  as  one  of  the  most  remarkable  laws  of  nature.  In  the 
related  subject  of  Galvanism,  although  much  of  detailed  law  has  been  esUi- 
blished  by  the  labours  of  the  same  great  man  and  of  others,  it  is  difficult  to 
fix  upon  any  new  law  of  general  character.  Experimenu  made  in  America 
seem  to  establish  that  the  velocity  of  the  galvanic  current  in  iron  wires  of  a 
certain  siae  does  not  exceed  fifteen  or  eighteen  thousand  miles  per  second : 
a  much  greater  speed,  however,  is  inferred  by  M.  Fiseau,  from  the  same  ex« 
periipentSf  The  first  part  of  an  elaborate  mathematical  theory  of  Magnetism, 
by  Prof.  Thomson,  has  been  published.  In  Meteorology,  some  striking  facts 
huve  been  collected  and  arranged  by  Col.  Sykes  in  regard  to  India,  by 
Messrs.  Schlagintweit  in  regard  to  the  Alps,  and  by  M.  Plaotamour  in  the 
covnparison  of  observations  at  Geneva  and  the  Great  St.  Bernard ;  and  son^e 
very  unexpected  facts  hi^ve  been  extracted  by  M.  Arago  from  the  obser* 
vations  in  a  balloon  ascent  at  Paris.  The  systematic  collection  of  observa* 
tions  pf  luminous  meteors,  in  Reports  by  Prof.  Powell,  printed  in  the  volumes 
of  the  Association  for  the  last  two  years,  can  scarcely  fail  to  lead  to  some 
discovery  of  the  origin  and  nature  of  those  mysterious  bodies.  An  extensive 
aeries  of  meteorological  observations  had  been  made  at  the  Ordnance  Survey 
Office  at  Mountjoy,  near  Dublin,  and  the  Association  some  years  since  re<* 
^mm^nded  to  the  Government  the  early  printing  of  those  observations.  I 
huve  the  gratification  of  stating  that  considerable  progress  has  now  beep 
made  in  pr^aring  them  for  the  press. 

At  the  last  meeting  of  the  Association  a  project  was  laid  before  the  6e« 
n9ral  Committee  by  M.  Kupffer,  for  the  formation  of  a  Meteorological  Con^ 
federation,  to  be  extended  over  the  whole  of  Europe.  A  very  extensive 
CM-ganioation,  covering  almost  the  whole  Russian  Empire,  has  already  been 
fTf ated.  The  Council,  to  whom  this  project  was  referred,  after  very  careful 
consideraiion,  deemed  it  inexpedient  to  join  in  the  proposed  Confederation. 
Tb^y  were  deterred  by  various  practical  difficulties,  of  which  some  may  per« 
hups  alwsys  «iat,  while  others  are  felt  with  unusual  force  at  the  present 
tiwst    ll  was  with  extrswu^wiUingnessOw^Oi^CouncU  adopted  tto 
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lutioDi  and  with  the  full  hope  that  at  some  future  time  a  confederatioii  aimflar 
to  that  proposed  by  M.  Kupfier  may  be  fiirmly  establlBhed. 

Under  the  auspices  of  the  Board  of  Ordnance,  tlie  officers  of  the  corps  of 
Royal  Engineers  are  making  arrangements  for  the  establishment  of  a  uniform 
system  of  meteorological  observations,  of  a  simple  kind,  at  the  principal  en- 
gineers' stations  in  every  part  of  the  earth.  If  with  these  could  be  combined 
occasional  trustworthy  observations  at  sea,  we  should  probably  have  the  most 
complete  system  of  Terrestrial  Meteorology  that  we  can  hope  to  obtain. 

Among  systematic  observations  of  less  ostentatious  character,  I  cannot 
omit  referring  to  the  daily  report  of  the  state  of  the  wind  at  9  o*clock  every 
morning,  which  is  supplied  by  the  superintendents  of  railway  stations,  over  a 
great  portion  of  the  British  Isles,  and  printed  in  the  Daily  News  newspaper. 

A  new  Meteorological  Society  has  been  formed,  which  (I  believe)  is  at 
least  in  this  respect  superior  to  those  which  have  preceded  it — that  the  in- 
struments used  by  the  various  amateur  members  are  strictly  comparable : 
great  attention  having  been  given  to  the  adjustments  of  the  instruments,  by 
the  Secretary,  Mr.  Glaisher. 

In  Optics,  two  or  three  investigations  of  rather  important  character  have, 
smce  the  last  meeting  of  the  Association,  attracted  public  attention.  Expe- 
rimental measures  of  the  velocity  of  light  in  air  and  in  water,  made  by  MM. 
Foucault,  Fizeau  and  Breguet,  with  apparatus  nearly  similar  to  that  em* 
ployed  long  ago  for  analogous  purposes  by  Mr.  Wheatstone,  appear  to  leave 
no  doubt  that  the  velocity  in  water  is  less  than  that  in  air, — a  most  import- 
ant, and  indeed  critical,  result  in  regard  to  theories  of  light*  A  remarkaUe 
investigation  by  Prof.  Stokes,  when  compared  with  experiment,  seenas  to 
establish  that  tlie  vibrations  constituting  polarized  light  are,  as  for  other 
reasons  was  supposed  by  Fresnel,  perpendicular  to  what  is  usually  called  the 
plane  of  polarization.  Some  optical  theories  which  admitted  formerly  of 
very  imperfect  mathematical  treatment  have  been  brought  under  the  domi- 
nion of  analysis  by  Prof.  Stokes's  powerful  methods  of  investigation.  A 
curious  series  of  experiments  on  diffraction  iias  been  published  by  Lord 
Brougham ;  but  they  have  at  present  no  bearing  on  theory,  as  the  theoretical 
calculations  with  which  they  must  be  confronted  appear  to  be  too  difficult 
or  too  complicated  for  the  present  state  of  pure  mathematics.  The  experi- 
ments of  Jamin  regarding  the  reflexion  of  polarized  light  under  peculiar 
circumstances  appear  to  give  support  to  the  theoretical  calculations  of  Caucby, 
founded  on  a  molecular  hypothesis  applied  to  the  undulatory  theory.  And 
lastly,  some  curious  experiments  by  Masson,  Jamin,  Prevostaye,  and  Desains, 
appear  to  show  more  fully,  what  had  partially  been  shown  by  Prof.  Forbes, 
that  radiant  heat  admits  of  polarization  in  all  respects  similar  to  that  of  light. 
I  hope  that  we  shall  receive  at  this  meeting,  or  shortly,  two  Reports  <m 
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stihjecu  connected  in  some  measure  with  those  which  I  have  just  mentioned. 
One  is  from  Prof.  Stokes*  *  On  our  knowledge  of  die  Theory  of  vibratory 
Motions  of  Bodies  in  general/ — the  other  from  Prof.  Willis,  *  On  Acoustics.' 

Our  volume  of  Reports  lately  published  contains  a  very  complete  account, 
by  Mr.  Hunt,  of  the  present  state  of  our  knowledge  in  regard  to  the  chemical 
effects  of  solar  radiation. 

In  the  subject  of  Chemistry,  I  am  not  aware  that  any  great  step  has  been 
made ;  although  there  have  been  numerous  small  advances  in  establishing 
chemical  relations  and  in  inventing  chemical  processes. 

The  subject  of  Geology  has  always  excited  much  interest  in  this  Associa- 
tion. It  is  a  matter  of  congratulation  that  the  Museum  of  Economic  Geo- 
logy is  now  established  in  a  habitation  as  well  as  in  a  form  which  guarantee 
ita  permanent  and  useful  existence.  Among  subjects  bordering  on  Practical 
Geology,  I  may  allnde  to  the  late  inquiries  respecting  the  supply  of  water 
from  the  chalk  and  Bagshot  sand  districts  as  likely  to  give  valuable  information. 
In  Speculative  Geology,  the  labours  of  European  as  well  as  American  geo- 
logists have  been  continued  with  their  usual  ardour,  and  there  are  now  com- 
paratively few  parte  of  the  world  which  have  not  been  in  some  degree  geolo* 
gically  examined.  Far  be  it  from  me  to  pretend  to  assign  with  exactness 
specific  discoveries  (in  observation  or  in  inference)  to  specific  persons ;  to 
say  precisely  what  has  been  done  by  Sedgwick,  what  by  Murchison,  what  by 
Lyell,  what  by  Vemeuil,— or  even  to  state  with  accuracy  what  discoveries  in 
the  aggregate  have  been  made  by  all.  So  far,  however,  as  I  can  gather,  the 
principal  step  made  (not  in  the  last  year  but  in  the  last  few  years)  has  been 
of  this  kind.  The  line  between  the  chalk  group  and  the  lowest  tertiary  or 
Eocene  group  has  been  drawn  principally  by  Sir  R.  Murchison  with  great 
distinctness ;  and  this  has  been  done  rather  by  palseontological  criteria  than 
by  reasonings  from  order  of  superposition,  &c.  A  very  great  step  has  been 
made  in  the  classification  of  the  geology  of  Asia  Mmor,  with  the  aid  of  this 
new  light,  by  a  foreign  geologist,  M.  Tchihatchef,  now  present.  In  the 
course  of  these  investigations,  attention  has  been  drawn  to  the  magnitude  of 
the  disturbances  exhibited  in  these  comparatively  modern  beds, — and  the 
question  has  again  been  raised  in  the  minds  of  geologists,  whether  these 
disturbances  can  be  referred  to  causes  now  in  action.  It  would  be  wrong, 
however,  even  in  this  hasty  glance,  to  omit  to  notice  the  discovery  of  traces 
of  the  tortoise  in  beds  so  low  as  the  lowest  Silurian  rocks,  affording  (appa- 
rently) evidence  of  the  existence  of  this  animal  at  a  much  earlier  time  than 
had  usually  been  ascribed  to  it.  I  should  be  sorry  also  to  make  no  reference 
to  Sir  C.  Lyell's  calculation  of  the  time  of  formation  of  the  delta  of  the  Mis- 
aissippi-^or  to  Prof.  J.  Forbes's  paper  on  the  modem  extinct  volcanos  of  the 
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Vivaraif,  I  may  refer  with  iatit&ction  to  Mr.  Mallet's  eUborate  *Firil 
Heport  on  Earthquake  Phenomena'  (lately  published  in  our  annual  ?olume)9 
— shortly  to  be  followed,  I  trust,  by  a  second ;  and  I  may  also  rmnind  iny 
hearers  that  the  Association  ha?e  supplied  funds  for  the  oonstructioq  of  a 
machine  for  earthquake  registration,  of  which  the  superintendeii<;e  is  eptnMlt^ 
to  the  same  gentleman. 

On  Zoology  and  Animal  Physiology  I  can  scarcely  venture  to  oflbr  you  a 
report,  beyond  a  reference  to  the  three  papers  on  Marine  Zoology  in  our  last 
volume, — which  I  conceive  to  possess  the  very  highest  value.  I  caoooti 
however,  omit  all  notice  of  the  last  Electro-physiological  investigations  of 
Signer  Matteucci :  investigations  which  seem  to  draw  more  closely  the  rela- 
tions of  inorganic  matter  with  organic  and  aniroated.structure  than  any  others 
with  which  I  am  acquainted* 

In  Vegetable  Physiology  I  must  speak  in  a  manner  equally  undecided* 
But  I  need  scarcely  allude  to  the  interest  excited  among  botanists  by  |be 
return  of  Dr-  Hooker  from  his  botanical  expedition  of  some  years'  duration 
into  Upper  India  and  Thibet :  an  expedition  accompanied  with  great  peraoml 
danger  (for  the  botanist  was  for  some  time  detained  as  captive  by  one  of  M)e 
native  princes),  and  in  which,  moreover,  the  physical  geography  of  a  large 
and  hitherto  unknown  region  has  been  established,  In  the  course  of  this 
expeditioui  a  peak  28,000  fee(  high  was  partially  climbed.  In  European 
Botany  the  inquiries  into  the  reproduction  of  cryptpgamous  plants  appear  Ip 
have  pccupied  the  most  prominent  place.  I  would  call  your  attention  to  the 
continuation  of  the  Report  on  the  Growth  and  Vitality  of  Seeds,  which  &MnoB 
part  of  our  last  volume, — and  to  the  Report,  which  I  trust  we  may  aooR 
receive,  on  the  probable  efiecte  of  the  destruction  of  Tropical  forests. 

Before  quitting  the  subject  of  Natural  History,  I  am  bound  to  allude  to 
one  subject  of  great  interest  to  natural  philosophers  in  every  branch.  It 
had  long  been  matter  of  regret  to  many  of  the  most  active  members  of  thiil 
Association  that  the  constitution  of  the  immediate  ruling  body  in  the  British 
Museum  appeared  scarcely  to  offer  to  them  sufficient  security  for  the  due 
support  of  those  natural  sciences  for  which,  in  a  great  measure,  the  Museum 
was  originally  founded.  So  strongly  had  this  been  felt,  that  the  Council 
were  prepared  to  solicit  the  immediate  attention  of  Government  to  that  point* 
I  am  happy  now  to  state  that,  without  the  exercise  of  this  interference,  the 
principal  ground  of  alarm  has  been  removed  by  the  appointment  of  Sir  Philip 
Egerton  as  one  of  the  Trustees  of  the  British  Museum. 

I  must  omit  allusion  to  Geography,  Ethnology  and  Statistics,  and  pro(»ed 
to  my  final  subject. 

Bngineering  and  Manufacturing  Science  hs^ve  always  commanded  a  gytmt 
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$b%re  of  tho  Mteotion  of  tbii  Aisodadon.  The  fonnert  indoed»  when  it  i« 
made  to  include  experiments  on  Tidee  end  enalogoue  pbeanomena,  becomes 
almost  one  of  the  cosmical  instead  of  one  of  the  constructive  sciences.  It 
would  be  an  endless  task  for  the  most  accomplished  mechanic  to  attempt  to 
describe  to  you  the  inyentions  which  are  constantly  made  in  every  part  of 
manufacturing  science.  Confining  myself  to  engineering  science^  I  may 
state,  that  in  the  present  partial  suspension  of  railway  works,  and  since  the 
great  achieyement  of  the  raising  of  the  Britannia  Bridge,  there  appears  to  be 
little  which  has  strongly  fixed  public  attention*  Considerable  importance, 
bowerer,  is  attached  by  engineers  to  some  of  the  processes  lately  introduced, 
<-«-especially  that  of  thrusting  down  an  air-tight  tube  or  elongated  diving- 
bell,  supplied  with  air  at  the  proper  pressure,  by  which  men  are  enabled  to 
perform  any  kind  of  work  under  almost  any  circumstances,  and  in  which 
men  or  materials  may  be  transferred  without  disturbance  of  the  apparatus, 
by  a  contrivance  besring  the  same  relation  to  air  which  a  common  canal-lock 
does  to  water.  Improvements  have  also  been  made  in  the  application  of 
w»ter«pressure  to  various  mechanical  purposes.  Some  years  ago,  an  exten« 
sive  inquiry  into  the  practical  uses  and  properties  of  various  metals  was 
mude  by  a  Committee  appointed  by  the  Board  of  Admiralty.  It  appeared 
to  the  Association  a  matter  of  great  interest  that  the  Reports  of  this  Com- 
mittee should  be  published ;  and,  on  their  applying  to  the  Admiralty,  in- 
ftmctions  were  immediately  given  for  placing  the  original  Reports  in  the 
hands  of  the  Council  of  the  Association,  The  Council  have  requested  Mr. 
James  Nasmyth  to  draw  up  an  abstract  of  the  principal  contents  of  these 
Beports ;  and  this  abstract,  I  hope,  will  be  presented  to  the  present  meeting 
of  the  Association.  Other  Beports  on  important  engineering  subjects,  for 
which  requests  were  made  by  the  General  Committee  et  the  Edinburgh 
meeting,  will,  I  trust,  be  communicated  to  the  present  meeting.  In  treating 
of  Practical  Mechanics,  I  may  perhaps  with  propriety  allude  to  the  investi- 
gations which  have  lately  been  made  by  able  engineers  regarding  the  Me- 
chanical Equivalent  of  Heat,  The  subject,  in  this  form,  is  yet  new ;  but  I 
think  that  the  importance  of  an  accurate  determination  cannot  be  overrated. 
This  also  appears  the  proper  place  for  alluding  to  a  subject  which  has  at- 
tracted the  attention  of  the  Association  from  its  very  first  formation — namely, 
the  simplification  of  our  Patent  Laws,  The  measures  of  the  Government  on 
more  than  one  occasion  have  shown  that  they  are  desirous  of  removing  the 
impediment  which,  in  this  country  (strange  to  say)  more  than  in  any  other 
in  the  world,  have  been  placed  in  the  way  of  mechanical  inventions. 

I  cannot  quit  the  subject  of  Manufactures  without  alluding  to  a  thing 
wbicl)  iS|  so  far  as  I  know,  perfectly  unique  in  the  history  of  the  world,—- >I 
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mean  the  Great  Exhibition  of  the  Works  of  Industry  of  all  Nations.  On 
the  present  occasion  I  can  do  little  more  than  respectfully  refer  to  the  interest 
taken  in  its  establishment  by  His  Royal  Highness  Prince  Albert*  without 
whose  zealous  support  and  continued  superintendence  the  undertaking  never 
could  have  been  brought  to  maturity.  I  am,  however,  compelled  to  cite  the 
labours  of  His  Royal  Highness  in  the  cause  of  the  Exhibition,  as  well  as  the 
visit  with  which  in  a  few  hours  we  hope  to  be  honoured,  as  a  proof  how 
much  is  common  to  his  desires  and  to  ours.  The  ultimate  effects  of  an  en- 
terprise so  vast,  so  novel,  must  yet  be  matter  of  vague  conjecture ;  but  one 
thing  can  scarcely  be  doubted — and  in  the  presence  of  the  many  distinguished 
foreigners  near  me  I  see  an  incontrovertible  argument  for  it,^that  the  Exhi« 
bition  will  have  the  effect  of  uniting  more  closely  than  ever  the  separate 
nations  of  the  earth  by  the  ties  of  commerce,  of  hospitality,  and  of  mutual 
esteem. 

There  are  two  matters,  applying  generally  to  the  whole  of  the  subjects  of - 
which  I  have  spoken,  that  require  notice  on  the  present  occasion.  The 
first,  which  I  have  very  great  pleasure  in  stating,  is,  that  in  this  year,  for  the 
second  time,  the  First  Lord  of  the  Treasury  has  spontaneously  placed  at  the 
disposal  of  the  Royal  Society  the  sum  of  1000/.,  to  be  employed  at  their  dis- 
cretion in  assisting  private  scientific  enterprise.  The  second  is,  that  it  is 
proposed  by  the  Council  of  the  Association  so  to  modify  the  organization  of 
the  Committee  of  members  of  Legislature  who  are  also  members  of  the  As- 
sociation as  to  make  it  a  really  efficient  body  for  the  purpose  of  watching 
the  course  of  legislative  measures  which  may  affect  the  progress  of  science. 

From  thii^  very  imperfect  sketch  of  the  progress  of  science  and  of  the 
Association,  two  things,  I  thinks  will  be  perfectly  clear : — first,  that  there 
has  been  no  slackness  in  the  progress  of  science  during  the  last  year  or  the 
last  few  years,  as  compared  with  that  in  preceding  years ;  secondly,  that  in 
this  progress  the  British  Association  has  taken  a  most  active  and  efficient 
part,  in  all  the  ways  in  which  it  is  possible  for  it  to  act,  by  the  private  labours 
of  its  members,  by  the  discussions  in  its  Sections,  by  the  preparation  of 
Reports,  by  the  corporate  action  of  the  Association  in  granting  money  for 
purchase  of  instruments  and  expense  of  experiments,  by  its  co-operation  with 
other  scientific  bodies,  and  by  its  immediate  influence  on  the  Government. 
It  would  not  be  easy  to  compare  the  values  of  the  different  results  produced 
in  these  different  ways.  Those  persons  who  enter  actively  into  the  pro* 
ceedings  of  the  meetings  will  set  a  very  high  estimate  on  the  personal  inter- 
course and  oral  discussion  of  the  Sections  ; — those  who  purchase  its  publica* 
tions  are  unanimous  in  regarding  its  series  of  Reports  as  one  of  the  most 
precious  collections  of  documents  ever  given  to  the  public ;  while  others 
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regard  at  one  of  its  most  beneficial  effects  its  inflaence  on  the  Legislature 
and  on  the  ExecutiTe. 

Perhaps  this  may  be  a  proper  opportunity  for  remarking  on  the  constitu- 
tion of  the  Association,  and  on  the  mode  in  which  iu  influence  has  been 
acquired  and  the  rules  which  its  structure  imposes  on  iu  actions.  By  con- 
sidering it  in  relation  to  other  institutions  of  our  country,  we  shall  discover 
the  fitness  of  its  arrangements  for  the  purposes  contemplated  in  its  institution  \ 
and  by  studying  on  the  broad  scale  the  history  of  the  past,  we  shall  learn  to 
guide  ourselves  for  the  future. 

One  of  the  strongly-marked  distinctions  between  Britain  and  the  other 
states  of  civilised  Europe  is  this,  that  we  have  no  Academy  of  Sciences  sup< 
ported  by  the  State  for  the  express  purpose  of  advancing  Science,  Even 
our  Universities  do  not,  in  their  institution,  possess  this  character ;  diey  are 
eisentially  places  of  education  only,*— -although,  incidentally,  they  have  ren- 
dered inestimable  service  to  Science.  And  this  absence  of  Government** 
Science  harmonizes  well  with  the  peculiarities  of  oar  social  institutions.  In 
Science,  as  well  as  in  almost  everything  else,  our  national  genius  inclines  us 
to  prefer  voluntary  associations  of  private  persons  to  organizations  of  any 
kind  dependent  on  the  State. 

It  is  not  to  be  expected  that  this  condition  of  things  will  be  perfectly 
satisfiictory  to  every  individual ;  and,  indeed,  a  wish  has  sometimes  been 
expressed  that  an  Academy  of  Sciences  were  established  in  Britain.  In  this 
wish  I,  personally,  do  not  join.  A  great  German  poet  and  historian,  who 
was  also  a  profound  and  practical  thinker,  has  ascribed  the  boldness  and  the 
originality  of  German  literature  to  the  circumstance  that  it  was  not  encouraged 
by  the  most  distinguished  German  princes.  He  regarded  the  tendency  of 
tnch  patronage  as  enfeebling  and  almost  calamitous.  I  am  inclined  to  apply 
the  same  remark,  at  least  to  some  extent,  to  Science.  I  gratefully  acknow- 
ledge the  services  which  Government  has  rendered  to  Science  by  acceding 
to  the  recommendations  of  this  and  other  bodies  who  have  indisputably  esta- 
blished claims  to  their  attention  ;  I  think  it  is  honourable  and  advantageous 
to  every  party  that  the  Grovemment  should  occasionally  grant  personal  rewards 
for  important  discoveries ;  I  am  of  opinion  that  when  any  branch  of  Science 
has  been  put  in  such  a  form  that  it  admita  of  continued  improvement  under 
a  continued  administrative  routine,  that  administration  should  be  undertaken 
by  the  Government.  But  I  trust  that  in  all  cases  the  initiative  of  Science 
will  be  left  to  individuals  or  to  independent  associations. 

In  no  country,  I  apprehend,  is  so  much  done  for  Science  in  private  observa- 
tories and  private  laboratories  as  in  this.  The  future  historian  of  Astronomy 
will  tell  of  the  enormous  catalogues  of  stars  observed  and  the  numerous 
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^lafi«tfl  discovered  by  the  telescopes  of  private  observers*  The  historiin 
of  Chemistry  will  tell  that  those  splendid  discoveries  which  have  made  £ 
radical  change  in  the  science  have  been  made  in  institutions  supported  by 
private  subscriptions.  The  institution  of  the  British  Association  is  an  em- 
bodiment of  the  same  principle  in  a  difl^rent  form.  .  To  facilitate  the  inter»' 
course  of  individuals  ardent  in  the  private  pursuit  of  science,  it  was  necessary 
that  its  assemblies  should  be  large,  and  almost  unrestricted  in  admission  of 
fnembers;  and  this  condition  necessarily  carried  with  it  anotheri  that  iti 
meetings  should  follow  at  wide  intervals.  To  enable  the  nation  tO  leini 
Arbm  the  provinces  and  the  provinces  from  the  nation,  its  wandering  character 
!  is  essential. 

That  in  the  course  of  these  meetings  there  has  been  ample  evideuee  of 

that  stimulation  which  rarely  fails  to  accompany  the  assemblage  of  a  great 

I  number  of  persons  engaged  in  singlenei^s  of  heart  on  the  same  general  object, 

!  cen  hardly  be  doubted.    In  nothing  is  it  more  conspicuous  than  in  the  pro* 

duction  of  those  elaborate  Reports  upon  which  no  small  portion  of  our  repu* 

tation  and  our  utility  is  founded.    It  has  been  remarkable  also  in  the  direetioD 

!  of  the  labours  of  our  members,  who  have  in  many  instances  eagerly  taken  up 

1  the  trains  of  subjects  indicated  by  the  Association  in  its  meetings. 

But  there  is  another  thing  into  which  it  is  highly  important  for  us  lo  inquire. 
We  communicate  with  other  scientific  bodies,  British  and  foreign,  and  our 
communications  are  respected.  We  ofier  suggestions  to  the  Government, 
sometimes  implying  the  ouday  of  large  sums  of  money y-^^Hind  our  suggestions 
are  never  lightly  received.  How  is  it  that  the  Association  has  acquired  this 
external  influence? 

I  answer,  that  we  have  bought  it.  We  have  bought  it  by  our  own  personal 
labours  in  the  same  cause  for  which  we  solicit  the  aid  of  Government.  We 
have  bought  it  by  the  expenditure  of  our  money  in  a  way  which  shows  that 
Science  alone  is  our  object  in  soliciting  contributions  from  our  members. 
But|  more  than  all,  we  have  bought  it  by  the  care  and  the  caution  with  which 
our  applications  to  Government  have  been  made.  In  no  instance,  I  belieye, 
has  a  request  been  urged  for  the  aid  of  the  Sute  in  things  beyond  our  power 
until  we  had  expended  our  own  money  on  things  of  the  same  class  within 
our  power.  Scarcely  can  an  instance  be  picked  out  in  which  we  have  not 
manifested  our  full  acquaintance  with  every  detail  of  the  object  to  be  attained 
and  the  ways  of  attaining  it  before  bringing  the  matter  before  die  nation  for 
its  general  assistance.  And  if  I  were  called  on  to  advise  the  Association  as 
to  the  means  by  which  this  important  external  power  may  be  best  preserved, 
I  would  above  all  things  insist  on  the  most  studious  caution  and  the  most 
minute  preparation  before  making  application  to  the  Government. 
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This  power  of  stimulating  our  own  members  and  this  influence  on  external 
bodies,  as  I  have  stated,  are,  in  my  opinion,  connected  in  a  great  measure 
with  the  independent  character  of  our  body,  as  consisting  of  a  mass  of  inde- 
pendent elements.  But  with  this  consideration  we  must  connect  another. 
If  we  possess  the  freedom  of  private  persons,  we  are  also  under  the  same  < 
restraints  as  private  persons : — and  nothing  could  be  more  injurious  to  us 
than  any  step  which  seemed  to  imply  our  belief  that  we,  an  unauthorized 
body,  could  venture  to  interfere  in  any  matter  in  which  any  other  company 
of  private  persons  acting  publicly  could  not  interfere.  For  instance  : — I  can 
scarcely  imagine  a  case  in  which  we  should  be  justified  in  offensively  ex- 
pressing our  disapprobation  of  the  course  followed  by  any  other  person  or 
Society.  Again : — The  past  history  of  science  or  invention  is  matter  of 
innocent  interest  to  us  as  to  others  ;  but,  in  my  opinion,  nothing  will  justify 
us  in  entering  on  the  consideration  of  claims  to  priority  or  superiority  in 
which  the  reputation  or  the  pecuniary  interests  of  the  living  are  concerned. 

And  now,  Gentlemen,  I  have  only  to  express  my  hope  that  the  Meeting  at 
Ipswich  may  be  as  fortunate  as  those  which  have  preceded  it.  I  trust  that 
on  the  present  occasion  we  may  have  unusual  opportunities  of  enjoying  and 
profiting  by  the  society  of  the  distinguished  foreigners  now  in  England.  I 
trust  that  the  subjects  in  our  Sections  may  be  numerous  and  interesting,  and 
the  discussions  on  them  animated  and  courteous.  I  trust  that  the  important 
Reports  which  we  expect  may  most  fully  maintain  the  character  of  our  annual 
volume, — and  that  well-chosen  subjects  will  be  proposed  for  Reports  on  the 
experimental  investigations  of  our  members  for  the  next  year.  I  trust  that 
your  governing  body  will  be  bold,  yet  cautious,  in  urging  on  the  attention  of 
the  Government,  or  of  other  bodies,  those  things  which  appear  necessary  for 
the  good  of  Science.  With  these  wishes,  I  now  commend  you  to  the  daily 
labours  of  the  Meeting. 
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On  Observations  of  Luminous  Meteors;  continued  from  the  Report  of 
1850.  By  the  Rev.  Babsm  Powell,  M.A.^  F.R.8.  ^c,  Saoilian 
Professor  of  Geometry  in  the  University  of  Oxford. 

In  presenting  a  fourth  report  in  continuation  of  a  collection  of  observations 
of  Luminous  Meteors,  I  have  merely  to  observe  that  in  the  present  instance, 
for  this  first  time,  the  tabular  form  of  arrangement  agreed  upon  by  a  Com- 
mittee of  the  British  Association  last  year,  has  been  adopted  by  most  of  th(; 
observers :  and  in  connexion  with  the  use  of  it,  I  would  wish  to  suggest  to 
those  who  favour  the  Association  with  their  contributions,  the  desirableness 
of  allowing  a  more  distinct  space  to  each  individual  observation ;  as  it  is  often 
necessary  to  separate  them  in  order  to  arrange  them  with  others  in  chronolo- 
gical order. 

Besides  the  assistance  of  several  other  friends,  I  have  to  acknowledge  more 
especially,  as  heretofore,  the  aid  of  Mr.  E.  J.  Lowe,  of  Dr.  Buist,  and  the 
Rev.  J.  Slatter.  Some  of  the  results  collected  by  the  British  Meteorological 
Society  have  fdso  beoi  sent  to  me ;  and  it  is  much  to  be  wished  that  that 
Society  would  co-operate  with  the  British  Association  by  regularly  furnishing 
copies  of  their  Meteor  Observations  for  this  Report. 

As  on  former  occasions  many  meteors  have  been  communicated  to  me  of 
a  date  earlier  than  the  conclusion  of  the  last  catalogue:  these  are  here 
prefixed.  It  would  tend  materially  to  the  unity  and  arrangement  of  the 
catalogue  if  this  could  be  avoided. 
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Table  Ij^^Caialogue  ofLwmnaui  Meiean  prior  to 


Date. 


Hour. 


Appetfmnceor 
magnitude. 


Brighinctt 
andcoloar. 


Train  or  sparka. 


Vdocitfc 


1848. 
Jan.  2,3 


3 
12 


6    0  a.m. 
0  15  a.m. 


B^traordinarjniuBber 
of  falling  ttan. 


Many  fallina  stan 
Igneous  globe 


21 


Mar.27& 

29. 
Apru'  27 
May  2 
24 
Jane  21 
July6,24, 
27-31 
22,23 
29 


Igneooa  globe . 


6  30  p.m. 


Superb  bolide 

Many  fdUng  itaii 


Many  falling  start 
Large  falling  stan 

Superb  bolide 

Many  falling  stars 
Many  falling  stars 


Aug.      4 

5,6,9,10 
9 

10 

28 
Sept.     4 


From 

10  7  p.m. 
to 

12    7  p.m. 

Fh>m 

9  52  p.m. 

to 

11  58  p.m. 


Many  fslting  stars 
101  in  two  hours... 


104 


From 

10  21  p.m. 
to 

11  5  p.m. 
Ftom 

8  35ajiu 

to 
3    8  a.m. 


,  [ofilOUiigfttaii. 
Extraordinary  number 
9  


61aigt» 


8  11  p.m. 

9  0  p.m. 


4,b 


30 
Oct.  20, 
22,23,25 
22,23 
Not.  5,  6 

12 


From 

5  47  p.m. 

to 

6  43  p.m. 


Many  large 

Superb  bolide 

Vivid    baU    of    fire. 

Same  evening  many 

falling  stars. 


Considerable  number 


Many  Cslling  stai* 

Many  


Considerable  number. 
Numerous   


13., 


Brightness  «» 
full  moon, 
rather  lurid. 


Train   

Lasted  8  or  4  sees. 

When  first  seen  was  justtAboot 
bursting  in  half  j  scat* 
tered  sparks  in  all  direc- 
tions, of  Tsrioos  sizes 
one  mass,  nearly  ^  of 
whole,  fell  rapidly  to- 
wards S.  Alter  isUJAg 
25®  burst  and  dissipated. 


(eUNf. 


.J 


-H 
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Direction  or  aldtode. 

General  remarks. 

Place. 

Observer. 

Reference. 

Sameasobserredat 
Aix-la-Chapelle. 

Parma 

M.  Colla ... 

BaUetln  de  FAcad. 
R,  de  Bruxelle*, 
1850,  p.  250. 

Ibid.  p.  3. 

Ibid.  p.  250. 

Ibid. 

Ibid.  p.  3. 
Ibid. 

Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 

Ibid.  p.  250. 
Ibid.  p.  3. 

Ibid. 

Ibid.  p.  250. 
Ibid.  p.  3. 

Ibid. 

Ibid. 

Ibid. 

MS.  com.  to  Prof. 
Powell.  Appen- 
dix, No.  1. 

Bulletin  de  I'Acad. 
R.  de  Bruxelles, 
1850,  p.  250. 

Ibid.  p.  3. 

Ibid. 

Ibid.  p.  250. 
Ibid.  p.  X 

Aix-la-Chapelle. 
Parma     ...... 

.M.Ed.Hei8 

M.  Colla 

BPuS    N^a   ■■....■.«...•..■.. 

Sameasobserredat 
Aix-ia-ChapeUe. 

Observed  at  Aix-la. 
ChapeUe. 

[bid 

Id.    

vds  S^ 

Aix-la-Chapelle. 
Ibid 

M.£d.Heis 

Id 

Ibid 

Id 

Ibid 

Id. 

1  •  Here,  to  )  Serpentis  ... 

Ibid. 

Id 

Ibid. 

Id 

... 

Ibid. 

Id. 

Parma 

Aix-la-Chapelle. 

Ibid 

M.  Colla  ... 

M.£d.HeiB 

Id.      .     ... 

Parma 

Aix-la-Chapelle. 

Ibid. 

M.  Colla 

»••.•••••• 

M.£d.Heis 

Id 

Kiiag'.  iB.  1 70*,  Dec  -h63° 
)mA  JR.  280^,  Dec.  +51^; 

Ibid. 

Id 

Ibid 

Id.          

l\ffS.     Alt.  about  50''  ... 

Observer  sitting  out 
of  doors.   Whole 
view  suddenly  il- 
luminated. 

Ventnor,  Isle  of 
Wight.     Seen 
also  in  Hamp- 
shire   at    40 
miles  W.  and 
in  Sussex,  40 
miles  B. 

Parma 

Mn.  Dixon 

M.  Colla 

Aix-la-Chapelle. 
Ibid 

M.Ed.Heis 

Id 

Observed  at  Aix-la- 
Chapelle. 

Parma 

M.  Colla 

r*' —••• 

Aix-la-Chapelle. 

M.£d.Hei8 

B 
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yVjOOgle 

RfiPonT— 1861% 


Date. 


Hour. 


Appearance  or 
Magnitude. 


DrightneM 
and  colour. 


Tnin  or  sparks. 


Velodtjl 


1848. 
Nor.    15 


Deo.    11 


14«15 

1849. 

Jan.     18 

April    30 


h  m 
From 

7  8  p.m. 
to 

8  58  p.m. 
From 

5  38  p.m. 

to 

6  50  p.m. 


22.. 


Bolide   »    $   (full 
moon). 

ID.    Many  large,  and 
ivith  trains. 


i 


•••1 


8    0  p.m. 


Many  

[stars. 
Numerous  shooting 
A  luminous  elongated 
body. 


9    0  p.m. 


106  

Globe  meteor 


Brightness  >- 
that  of  a  star 
of  1st  mag. ; 
white ;     no 
twinkling. 


Train 


Slow;'ri2ikl3 
SOsecs.      I 


Bluish,  bright- 
er than?. 


Vanished,  leaving  a  train 
which  lasted  6  or  8  mins. 


9&10 
10 


9    5  p.m. 

Fh>m 
9  30  p.m. 

to 
10  30  p.m. 

From 
9  40  p.m. 
to  10  p.m. 

From 
10    0  p.m. 
to  11  p.m. 


Two  superb  meteors. 

42,  some  singly;  20  at 
once. 


No  explosion 


Some  with  trains  lasting 
from  2  to  4  sees. 


9  shooting  stars 
9  shooting  stars 


From 
9    0  p.m. 

to 
2    0  a.m. 

From 
9  14  p.m. 

to 
10  50  p.m. 

From 

9  24  p  m. 

to 

I  35  a.m. 
From 

9  45  p.m. 

to  10  p.m. 

Fh>m 

10  0  p.m. 
to  11  p.m. 

From 

11  0  p.m. 
to 

11  45  p.m. 

Ftom 

11  43  p.m. 

to 

II  8  a.m. 


Mean  no.  per  Lour  28 
254  shooting  stars  . 


22  of  Ist  mag. 


88  with  trains., 


22  falling  stars,  some 
B  1st  mag. 


13.. 


6  shooting  stars  .. 
23  shooting  stars., 
9  shooting  stars  .. 
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^)>iiectioii  or  altitude. 

Oeneral  remarks. 

Place. 

Observer. 

Reference. 

Ksred  JBU  102^  Dec.  32^: 

Aix-la-Chapelle. 
(bid 

M.Ed.Heis 

Id 

Bulletin  de  I'Acad. 
R.  de  Bnuclles, 
1850,  p.  3. 

Ibid, 

Ibid.  p.  250. 

Ibid. 

Ibid.  p.  111. 

Ibid.  p.  367. 
ibid.  p.  364. 

Ibid. 
Ibid. 

Ibid.  p.  320. 

Ibid, 

(bid. 

Ibid.  p.  367, 

Ibid.  p.  363. 

Ibid.  p.  367. 

Ibid.  p.  320, 

Ibid. 

Ibid. 

Ibid.  p.  363. 

stills'.  ^- 108*.  I>cc-  26^ 

Parma 

M.  Colla 

Ibid. 

Id.    

p  seen  luit  much  abore  hori- 
bh  in  N.W.;  descended  to 

y^ge   

M.  De  Koninck.. 

Correspondent... 
M.  Colla 

••"o^    

Berne  

IB  Ftegmns   towards  Aqua- 

Seen  also  at  Neu- 
stadt,  by  M.  Ma- 
ycr. 

Parma 

Neusiadt,  near 

Vienna.. 
Ibid, 

M.  Mayer 

«i  xemih  towards  N.W.   ... 

let    

Ghent 

M.  DuiHrez  

Id 

Ibid 

»••••••••••••••••••••••••••••••►••• 

rfrom  a  point  in  Penens; 

Sl  50P,  Dec  51*.    44*'froni 

praco;   JR^  302»,  Dec.  Qb\ 

ir  from  near  Pole;  .«.33r, 

Eee.8G». 

B^rrH  in  Tsrioiis  conttelli^ 

Bmxelles 

Aix-la-Chapelle. 

Parma 

M.  Quetelet 

M.  Heis  

M.  Colta 

Bonn   

M.  Schmidt 

M.Dupres  

Id.   

*~      . ••« 

Ghent 

r 

Ibid 

^••••••.•. •••••••• 

Ibid 

Id.   

tanwentdiversencefromone 
ffotre;  mostly  from  N.  to  S. 

L 

Parma  ••* ..t. 

M.  Colla 
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m 


Date. 

Hour. 

Appearance  or 
magnitude. 

Brightness 
and  colour. 

Train  or  sparks. 

Vdod^or, 
dnnbOL 

1849. 
Aug.     10 

10,11 
1] 

13 

14 

15 

Sept.      3 

Dec.    21 
30 

1850. 
Feb.       3 

5 

h     m 

Rrom 
0    8  a.m. 
to  2  a.m. 
0  44  a.m. 

None      

[bright. 
1,  extraordinarily 
370  

Red 

Many   

From 
9    0  p.m. 
to  12  p.m. 

From 
9  24  p.m. 

to 
1  35  a.m. 

114 

65 

133  

.,,,, .....•-i! 

20 

35 

29 

M...^ 

71 ; 

52 

,   .......*....■' 

79 

36 

...•.••••.*.|Mi<«« 

22 

27 

... 

, ........M^ 

36 

=  1st  mag 

Very   brilliant 
bright    red. 
When     the 
flames     ap- 
peareditwas 
almost      as 
bright       as 
lightning. 

Far  exceeded 
Venus. 

Like  a  globe  of 
bright  light. 
For   a  mo- 
ment a  per- 
fect sphere. 

Train  of  snarks   

Rapid.  TlKtl 
lasted  fitfii 
7seci. 

5    O&few 
minutes. 

5  45  p.m. 

11    0  p.m. 

6  50  p.m. 

■ 

* 

»|(['8  diameter  ... 
A  meteor 

It  then  burst  near  its  N. 
point,  and  emitted  up. 
wards  a  knotted  stream 
of  red  light  in  a  direction 
N.  by  R.  and  at  an  angle 
of  about  18°  from  a  ver- 
tical line.   The  length  of 
this  projected  stream  of 
light  was  10^  diameters 
of  the  (C. 

, «* 

Dull  di^k,   increased 
till  =*i  more. 

Reddish   

Bnrst,discharging  redfrag- 
ments  and  bright  train 
perpendicularly  down. 

- 

Stationary  »t^ 
forlmin.45« 

tm  explosHft 

b(!dy^lU' 
ved  horiio"" 
for  45  sees. 
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Direction  or  altitadt. 


GeiMnl  remtrkft. 


PlAoe« 


Obserrer. 


Beferenct. 


Parma . 


M.  CoQa  . 


m  y  Cygni  to  •  Androoi. 


all  points  of  horizon 

from  Perseus  (as  above^. 
8^  from  Draco  (as  above) ; 
8**firom  imier  Pole  (as  above). 


Aix-la-Chapelle. 

Berne  

Cbanbeny  ,,**»\ 
Aix-ia-Cbapelle. 


lf.Bd.  HeU 

Correspondent.. 

Id.    

M.Heis  


Bonn 


M.  Schmidt.. 


Bnlletin  d«  I'Acad. 
R.  de  Bruxelles, 
1850,  p.  363. 

Ibid.  p.  367. 

Ibid. 

Ibid.  p.  364. 

Ibid.  p.  367. 


Ibid. 


«  40^  in  N.B.,  and  moved 
liorizontally  to  N.W.,  where, 
iiiBtead  of  giving  oat  a  mere 
tnrillianc]r  of  sparks,  it  burst 
nto  a  f  iiU  blase  (like  a  wisp 
if  straw).  The  blaze  had  the 
qypearance  of  being  about 
1  foot  in  length  (doubtless  it 
iras  many  yms)  [?] .  It  rose 
directly  upwanls  like  any 
other  flame,  and  had  a  large, 
wmvy,  upright  motion.  No 
atars  were  visible,  as  the  twi. 
light  was  so  strong. 
9ved  downwards  through  a 
ibort  arc,  exploded  into  nu- 
merous fragments  at  an  alt.  of 
20^  to  30^ 


Berne  

Frankfort.... 

Neurkircken 

Hamburgh  . 

Bremen   .... 

Dilke   

Breslau    .... 

Timmel   .... 

Ibid 

Ibid 

Ibid. 

Between  Belton 

and  Castle 

DoningtoQ. 


Correspondents.* 


Rev.  J.  Dalby . 


Ibid. 


Mr.  Lowe's  MS. 


New  Haven,  U.S. 


Also  seen  at  Ayles- 
bury .Weeden  and 
Dunton,  exhibit- 
ing  the  same 
phsenomena. 


Between  Hart* 
well  aud  Stone 
Observatory. 


Bev.  C«  Lowndes 


New  Haven  Palla^ 
dium. 


Mr.  Lowe's  MS. 


it  28®  3(K  at  first  appearance.. 


General  appearance 
remarkable. 


Hartwcll  Rectory 

near  Aylesbury 

Sandwich,  Kent.. 


Rev.  C.  Lowndes  Ibid. 

W.  H.  WcckesJCommunicatcd   by 


Esq* 


Mr.  Lowe.     See 
Appendix,  No.  2. 
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Date. 


1850. 
F«b. 


11 


May 


h   m 

15  p.m. 
10  37  p.m. 


911 


April     1 


10 


29 


Hour. 


10  35  p.m. 


10    0  p  to. 


10    0  p.m. 


June     4 
10 


10  5  p.iD. 

11  28  p.m. 


16 


20 
24 

30 


10  12  p.m. 


Appearance  or 
magaitade. 


A  large  meteor 

An  immense  light 
thone  in  at  the  win- 
dow of  a  spave  room 
in  which  1  happened 
to  be,  80  bright  as  to 
cast  even  a  shadow 
of  the  irregularities 
of  the  glass,  but  it 
had  ceased  before  I 
could  reach  the  win- 
dow, the  access  to 
which  was  blocked 
with  furniture." 
Very  brilliant  .... 


Lightonlyseen 


Brightntss 
and  colour. 


The  explosion  in  about  1 
minute. 


Increased  as   it   de- 
scended till  nearly 


Pure  white 


Very  brilliant  . 


12  25  p.m. 
12  40  p.m. 


12  40&few 

sees. 
12  45  p.m. 

1    3  a.m. 

1  20  a.m. 
11  42  p.m. 
11  30  p.m. 


1 1     0  p.m. 


Larger  than  Ist  mag. 


Small 


»lst  mag. 
«>  Ist  mag. 
» 1st  mag. 


Increased  in 
size. 


Train  or  sparks. 


Vdod^ff 
dnratioB. 


Vanished,  no  explosion,  no 
train. 


Blue. 


Train  left  20^*  in  length . 


Beautiful  red. 


Blue... 
White' 


Burst  into  luminous  frag- 
ments. 


Train  left.. 


NotaU. 


SttoinpOfd 


Table  II. — Catalogue  rf  Luminous  Meteorsy  continued 


July 


7  30  p.m. 
9  25  p.m. 


9  26  p.m. 


Increased  in  size ;  be- 
came  very  large. 


Prom  a  mere  point  in. 
creased  to  3  times 
diameter  of  3^ 


Bright , 


Became  very 
bright.  Sil- 
very blue. 


6  times  bright, 
er  than  2^ 
Pale  blue. 


Exploded    with  a  bright 

flash  and  burst  into  sparks 

At  last  a  few  sparks   ... 


At  first  no  sparks 


Dun^onSiMi 


DmntioBtM^ 
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Birectioii  or  altitade* 


General  remarks. 


Place. 


Observer. 


BefereDoe« 


es  to  Orion 

ise  heard,  resembled  the  fall 
Dg  of  a  distant  avalanche. 


[nearAylesbury. 
HartwellRectory, 
Ibid 


Rev.  C.  Lowndes 
Id 


Rose  Hilli   near 

Oxford, 
Iat.51°43'50''N. 
long.in4'08"W. 


Rev.  J.  Slatter.. 


Mr.  Lowe's  MS, 

ibid. 

Communication  to 
Prof.  PowelL 


Aden 


liter  to  y  Leonis 

B.    Alt.  45^  fell  nearly  20*" 


Virgo,  4^  from  Jupiter  to 

Fnpiter. 

>m  m  Cygni  southwards .. 

laris  to  3  Uiste  Majoris  .. 


m  xkMr  ScQipio  S.W.  to  N  JS. 


i  min.  after,  report 
lasting  \  min. 


Stone  Observa- 
tory. 

Bycnllah,  Bom- 
bay. 

Stone  Observa- 
tory. 

Ibid 

lb.;  also  at  Hart, 
well  Rectory. 


Correspondent  to 

Dr.  Buist. 
Rev.J.B.  Reade. 

Correspondent  to 
Dr.  Buist. 

Rev.  J.  B.  Reade 


lat  of /3  Cassiopeiae;  went4'*N. 
>m:W.of  CapcdhilO''S.  of  due 
N.  and  15  above  horizon,  and 
went  in  W.  direction  near 
51  Lyncis. 
toTO  PoUurts  to  Cassiopeia 


StoneObservat'^. 
Ibid 


Id.    

Id.,  and  Rev.  C. 

Lowndes. 
Mr.  Brown,  cor. 

respondent  to 

Dr.  Buist. 
Rev.  J.  B.  Reade 
Id 


See  AppendiZi 
No.  11. 

British  Meteorolo- 
gical Soc.  Report. 

See  Appendix, 
No.  11. 

British  Meteorolo- 
gical Soc  Report. 
Ibid. 
Ibid. 

See  Appendix, 
No.  13. 

B.  M.  S.  Report 
Ibid. 


Ibid.. 


Id. 


terpentis;  went  5^  S 

lootis  to  Arcturus  

HD  *  passing  by  «  Urs.  Mig 

Lync  to  «  Cygni 

ctorus  went  20^  magnetic  W, 
ctums  to  withinlO'*of  borison 
>in  •  Coronas  Borealis  to 
»  Serpentis. 


Ibid 

Ibid 

Ibid 

Ibid. 

Ibid 

Ibid 

Castle    Doning- 
ton,  near  Derby 


Id 

Id 

Id.    

Id 

Id 

Id.    

Rev.  S.  K.  Swann 


Ibid. 

Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 
Mr.  Lowe's  MS. 


from  the  Conclusion  ofUie  last  Catalogue^  July  1>?50. 


m  S.£.  to  N.W.  for  about 
Wx  exploded  at  alt  70^ 
■er  X  than  3-  Antinoi,  andlTlie 
ttther  above  the  level  of  those 
lUrs,  to  «  Capricomi. 


An.  On 


Med  i  between  A  and  ^ 
finoi  to  2^  £.  and  same  level 
M  •  Capricomi. 


same  as  one 
observed  at  Bee< 
ston,  but  appa- 
rently seen  more 
southerly  tban  at 
Beeston. 

bursting  disap-  Stonyhurst  Ob- 
peaied  suddenly,     servatory. 


Bombay 

Highfleld  House. 


Correspondent  to 

Dr.  Buist. 
A.  S.  H.  Lowe, 

Esq. 


Rev.  A.  Weld  ... 


See  Appendix, 

No.  14. 
Mr.  Lowe's  MS. 


B.  M.  S.  Report. 
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BEPORT-^1851. 


Date* 


1850. 
Jul/      9 


12, 16, 

SO. 

13 

14 


h  m 
10    0  p.ixi. 


16 


8  54  2'-42 

Grantham 

M.T.  (Nearly 

daylight, 

no  Stan  to 

be  seen.) 

8  54  p.m. 

9  30  p.m. 


23 


25 


29 
31 


August  1 


Hour. 


11  20  p.m. 


Twie«  thesis  of )^... 
Twice   the   apparent 

Meteors  Tery  nume- 
rous. 


Large 


Large 


Several  luminous 


6 


9  57  20* 

9  57  25' 
11  05  p.m. 

O.M.T. 

0  16  a*m. 

O.M.T. 

9  57  p.m. 
10  21  p.m. 
10  22  p.m. 
10  25  p.m. 
10    0  p.m. 

0  50  p.m. 

10  55  p.m. 

9  45  p.m. 

9  50  p.m. 

9  53  p.m. 

9  .55  p.m. 

9  57  p.m. 

9  58  p.m. 
10  03  p.m. 
10  05  p.m. 


Appearance  or 
magnitude. 


Colour  of  1^.. 
Same  colour 
as  2^. 


to  Venus  as 
a  morning*. 
White  (0  on 
the  point  of 
vision). 


Very  fine  night;  no 
meteors;  the  24th 
was  cloudy. 

From  4th  to  5th  mag. 


From  4  th  to  5thn\ag. 

4tlimag* 

3rd  mag 


»3rd  mag. . 
=: 2nd  mag.. 
»3rd  mag.  • 
SmaU  


Small  

B  4th  mag. . 

»5th  mag. . 
»  5th  mag. . 

B  4th  mag. . 


1  mag.,  bright  as  Arc- 
turus. 

2nd  mag 

3rd  mag 

3rd  mag. 

ith  mag 

1st  mag 

1^  mag 

2nd  mag 


Brightness 
and  colour. 


On  bursting  left  a  train  of  Time  2 


Slight  smoke 


With  streams  of  light. 


SroaU  . 
Bright . 


Red. 
Red. 


Train  or  sparks. 


Velocity  ic 
duratioB. 


light  l""  in  length,  at  an 
altitude  of  25^ 


Train  of  light  , 
Train  of  light 


Coarse  sparks . 


Fine  sparks . 

None    

None    

None    

None    

Sparks 

None    


Slow. 


Duration  1  see.. 
Duration  1  saa. 
2  or  3  aeca. ....» 
Momentary  ^-m* 


report  heard,  i 
though  liita 
for. 


Immodiatc  ...^mi 
Visible  i  aee. .. 
Duratioii  2  saca 


Time  1  see.  ...mi 

DuraUon  0''5 ... 
Durationisec.;! 

tiontolermblyilj 
Duration  ^sec;! 

tiontolerabtynj 
2  or  3  aeca.  ..^ 

2  or  3  aeca. ....« 

2  or  3  aeca.  ».*^ 
2  or  3  sees. ....« 

2  or  3  seca. ..... 

Momentary ...... 

2  or  3  sees. ...-» 

2  or  3  sees. ....« 


♦  The  courses  of  all  the  meteors  of  Aug.  6,  produced  backwards,  meet  In  IV»»  00"  XL  45<*  NJ>.D,i 
gravity :  such  was  that  of  July  25th.    The  following  days  spent  in  Monmouthshire  the  weather  1 
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Pireoiion  or  altitade. 


General  remarks. 


Place. 


Observer. 


Reference* 


fl  down  fitMn  Coma  Berenleet 
It5(f ;  fell  perpendic.  down 
ArT^indnewest. 


OB  Aretama  to   Peterson's 

oomet 

160"  to  55*;  fen  perpendi. 

eolar  down  for  25^ ;  direction 

rorKPN.ofB. 


StonyhnratObs'. 
Highfield  House. 

Uckfield,  Sussex. 

Stone  Obserra- 

tory. 
li  mile  from 

Grantham. 


Rer.A^Weld  ... 
A.  S.  H.  Lowe, 

Esq. 
C.L.  Prince,  Esq. 

Rev.  J.  B.  Reade 

J.  W.Jeans,  Esq 


B.  M«  S.  Report* 
Mr.  Lowe's  MS. 

B.  M.  S.  iCeporL 

Ibid. 

Mr.  Lowe's  MS. 


m  8.W.  to  S.,  thitmrh  lO*" 
crir. 


Crackling   noiae 

heard. 
Amid  electric  conu< 

cations;  the  balls 

moved  along  the 

streams. 


Boston 

Manchester. 


MrcGeninonim  towards  Aro- 


Dnoonk  to  r  bdow  I  Urs. 

^• 

hove  «  and  bdow  /3  &  7  An- 

drooL 

'down  for  /3  Andromedse . . . 


Tenby, 
N.Ut.51^40'55'' 
W.  long.  40  38' 
Castle  Donington 

Ibid. 


P.  Claie,  Esq. 


Rev.  J.  SUtter... 


W.  IL  Leeson, 

Esq. 
Id.    


Tenby 
Ibid.... 


Msed  Corona  Borealia  Irom 

K.toS. 

IK.ef)rHeicalis;  disappeared 
vithoQt  any  visible  motion. 
^•Conms  Borealia;  moved 
t  isrpendic.  down. 
CoreBK  Boreafis  passed  a  little 
W.of^ScrpentariL 
to  zenith  in  S.S.B.  perpendic. 

^•Aqnlae  downwards 

M  oader «  Draconis  to  mid* 

^between  y  and  ^  Urs.  M^j . 

MB  •  Cor.  Borealis  to  (  Bootis 

MS  •  Corense   Borealis  to 

^[Bootis. 

nn  I  to  «  Bootis 


1^ bdow  Aretama.. 


Stone  Observa- 
tory. 

Darlington,  neai 
Durham. 

IWd 


Ibid.. 


Rev.  J.  Slatter. 

Id.    

Rev.  J.  B.  Reade 
J.  Graham,  Esq. 

Id.   

Id.    


Iniitantaneous  ez> 
ttnction. 

Instantaneous  ex- 
tinction. 


iCaadirUrs.  Maj... 

1 10  and  11  Camelop. 
rAJU.Maj.  between  y&/5. 
[Uie  last  as  much  right  of  /5. 

pPosens  

gwighxPenci  

"vw  I  and /i  Persei 


Highfield  House. 

StonyhurstObs^. 
Castle  Donington 

Stonyhurst  Obs^. 
Nottingham. 

Highfield  House. 

Rose    Hill,   Ox- 
ford. 

Ibid , 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid. 


A.  S.  H.  Lowe, 
Esq. 

Rev.  A.  Weld  ... 
W.  H.  Leeson, 

Esq. 
Rev.  A.  Weld  ... 

B.  J.  Lowe 


Boston  Papers. 

Brit.  Assoc.  Report, 
1850,  Trans.  Sect, 
p.  31. 

Com.  to  Prof, 
Powell. 

Mr.  Lowe's  MS. 

Ibid. 

Com.  to  Pro£ 

PowelL 
Ibid* 

B.  M.  S.  Bej^rt. 

Ibid. 

Ibid. 

Ibid. 

Mr.  Lowe's  MS. 

B.  M.  S.  Report. 
Mr.  Lowe's  MS. 

B.  M.  S.  Report. 
Mr.  Lowe's  MS. 


A.S.H.Lowe,E8q 
Rev.  J.Slatter.. 


Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 


Ibid. 

Communicated  to 

Prof.  PowelL 
Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 


g6i|  those  at  9*  55",  57",  58",  and  2'»  15",  which  seemed  to  have  no  projectile  force  to  fall  firom 
My*   Sea  extremely  phosphorescent  on  Aug.  6, 
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UBPOBT— 1851. 


Date. 


Hour. 


Appearance  or 
magnitude. 


Brightness 
and  colour. 


Train  orspaiki. 


Vdodtjor 
dmatioiL 


1850. 
August  6 


h   m 
2  10  a.m. 

2  11  a.m. 

2  15  a.m. 
10  0  p.m. 
10  22  p.m. 

10  36  p.m. 


10  38  p.m. 

10  41  30' 
10  52  30' 
10  56  30' 


10  20  p.m. 

11  15  p.m. 


2nd  mag. . 

2nd  mag.. 
2nd  mag. . 


None 

Train 
None 


2or3t 

2or3f 
2Qr3i 


^to  Sinus  .... 
Bto  Arctnnis. 


■to  Arcturus. 


Train  of  light  which  linger- 
ed for  20  sees,  in  the  sky. 

Brilliattt  train  of  lb"" 
length. 


Daratloii4f 


B3rd  mag« 

a  3rd  mag. 
a  4th  mag. 
B4th  mag. 


Train 


Train 


Duration  1**5 . 


1  tec  over  15*( 

space. 
Quick 


Quick 


Cloudy;  no  meteors 
seen. 


From 
0  30  p.m. 
to  11  p.m. 
9  45  p.m. 

9  48  30' 

9  49  p.m. 


40  shooting  stars 


a- 3rd  mag. 
«i4th  mag. 


Much  hunger  than  Ve- 


Vervhrilliant. 


Left  a  visible  train  . 


9  50  p.m. 


Less  than  Inc.. 

Time  1  sec. ...... 

Motion  atfiatdM 
andwa:ved;i0 
tion2  8ecB. 


9  57  p.m. 
10    0  p.m. 


Small   

*B  1st  mag. 

Small  

Small  


Train 


Time  i  aec.  .^^ 
Time  I  aec ....... 

Tuie  i  aec  — ^ 
Time  i  aec  ....^ 


10    1  p.m. 


10  1    2' 

10  1    3' 

10  3  p.m. 

10  5  p.m. 

10  6  p.m. 


10    8  p.m. 

10  10  p.m. 
10  15  p.m. 


Small  , 

»  2nd  mag. 
a  1st  mag.  , 
»3rd  mag. , 


Train  of  light  visible  for 
some  seconds. 


Red... 
White 


Train 


InstantaneooB  ^ 
Time2MC8.    h 


SmaU 


»  3rd  mag. 
a  4th  mag. 


White  , 


:d 
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Direction  or  altitude. 


General  remarks. 


Place. 


Observer. 


Referenee* 


luoagh  Pleiades 


anse  course  as  last 
'S.  ofATanri 


3  meteors  in  S.E.. 


rom  ■  Pegasi  to  fi  Aqoarii 

*  below  ACoronsB  Borealis  and 
3^  below  ^  Seq>entarU ;  its 
path  convex  to  those  stars, 
moved  over  30°  of  space. 
^  below  a  CoronsB  Borealis  and 
•I  betwixt  ^  Serpentarii  and 
CBootis;  moved  throQgh  20° 
of  space. 

nr  yHercnlis  passed  i  be- 
tween •  and  2  Serpentarii. 
Ophiuchi  passed  between 
Serpentarii  and  35  Ophiuchil. 
!»ove  O  Ophinchi  and  through 
^  Serpentarii;  its  path  par 
allel  to  the  last. 
I  N.W.  from  « Ursse  Mijoris.. 
i  S.W.  from  m  Ophiuchi  


Rose  HiU,  Ox- 
ford. 

Ibid 

Ibid 

Highftcld  House. 
Ibid 


Rev.  J.  Slatter.. 


Id 

Id 

A.S.H.Lowe»E8q 
Id.    


Dariington 


Ursae  Minoris  to  near  •  Ursse 

daris  to  midwaybetween  »  and 
xDraoonis. 

mn  aLyreinthe  direction  of 
Arctums. 

ear  ?  Cygid  to  near  •  Aquilse, 


Ddphini  to  S  Aquile 

VtdpecnlaB  to  n  Serpentis*.. 
LyrsB  towards  Arctnrus  .*. 

irough  Yulpecula 

lar  zenith 

through  the  zenith... 


aaed  just  above  Polaris  

tair  perpendic  to  horizon  .. 

ttr  ^  Ss^ttarii 

•r  •  Sagittarii 

■en  meteors  were  seen  with- 
in  1  -minute  in  Great  Bear, 
Lyra  and  Camelopardalus,but 
in  too  rapid  succession  to 
note  them  with  predsion. 

neb.  towards  horizon 

iebaran  towards  Polaris... 
MnyP^asi  , 


Limited  view  of  sky 
from  buildings, 
looking  towards  S. 


Ibid.. 

Ibid... 
Ibid.. 
Ibid.. 


J.  Graham,  Esq. 


Id. 


Communicated  to 

Prof.  PowelL 
Ibid. 
Ibid. 

Mr.  Lowe's  MS. 
Ibid. 

Ibid. 


Highfield  House. 

IMd* 

New  Coll.  Lane, 
Oxford* 


A.S.H.  Lowe,  Esq 

Id 

Prof.  PowelL 


Haverhill. 


Castle  Doning. 
ton,  near  Derby 
Ibid. , 


Ibid.. 


Ibid... 


Ibid. 

Ibid 

Ibid. 

Ibid 

Highfield  House. 
Ibid. 


CastleDonington 

ibid 

Ibid 

Ibid 

Ibid. 


Ibid... 
Ibid... 
Ibid... 
Ibid... 


Id. 
Id. 
Id. 


Ibid. 

Ibid. 
Ibid, 
Ibid. 


Ibid. 
Ibid. 


Mrs.  W.W.  Bore- 


ham. 

W.  H.  Leeson, 

Esq. 
Id.    


Id. 


Rev.S.  K.Swann 
Rev.  J.  Sowter. 
W.II.Leeson,Esq 

Id 

Id 

Id 

A.S.H.Lowe,E8q 
Id 


W.H.Leeson,Esq 

Id 

Rev.  S.  K.  Swann 

Id.    

W.H.Leeson,Esq 


MS.oommnnication 

to  Prof.  Powell. 

See  Append.  No*5. 

E.  J.  Lowe. 

Ibid. 

Ibid. 


Ibid. 

Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 

Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 


Id 

Id 

Rev.  J.  Sowter.. 

Id 

Rev.  S.  K.  Swann 


Ibid. 
Ibid. 
Ibid. 
Ibid. 
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BBPOKT— 1851. 


Date. 


Hoar. 


Appearance  or 
magmtude. 


Brightnesi 
and  colour. 


Trua  or  spariu. 


Vdodtyor 


1850. 
Angiui  9 


h   m 
10  20  p.m. 


M 2nd  mag.. 


Rod, 


10 


Cloudy. 

Some   dear 

interralt. 

10    0  p.m. 

(about). 


In  H  hour  75  meteori. 
All  except  4  or  5 
emanated  from  a 
point  near  .4  Came- 
lopardali.      t'ous. 

Meteon  very  num^ 


0  p.m. 

1  p.m. 


U 


5  p.m. 

6  30' 

10  10  p.m. 

From 
9  15  p.m. 
to  11  p.m« 
9  30  p.m. 

9  35  p.m. 

(partly 

clouded) 

9  50  p.m. 

(donded 

over) 

10  10  p.m. 

-10  12  14 

(G.U.T.) 

10  14  p.m. 


10  15  p.m. 


10  23  p.m. 
(partly 
clear; 

10  30  p.m. 
(entirely 
^louded^ 


No  meteori 


Nearly  » to  folic 


—  Ist  mag. 
Large  


Atfirst  reddish, 
afterwards 
brilliant  blue. 
The  light  cast 
strong  sha- 
dows of  ob- 
jecto.   , 

Bright 

Bright 


Its  train  consisted  of  three 
long  tails  which  remain- 
ed wavingbackwards  and 
forwards  for  30  sees,  af- 
ter the  meteor  had  dis- 
appeared. 


Briffht  train., 
%a  train.. 


Time  lit 

Viable  2 1 


B  3rd  mag. 

SmaU  

Very  small 
»  3rd  mag. 


Time  1  sec. 
Very  F^nd 
Very  rapid 


55  shooting  stars 


>  2nd  mag. 


Brilliant 


Train ;  no  explosion 


« 1st  mag. 


nlst  mag. 


Brilliant  train . 


Brilliant  train . 


InstantaiiQoai..J 


lBstantaiieow.Mi< 


Instantanoow  *^ 


Large 


Bright  flash  in  W.; 
from  centre  a  luml 
nous  line  running 
E.  and  W.,  first  red, 
then  paler  light, 
darting  backwards 
and  forwards  along 
the  line,  became  in 
distinct  and  faded 
away.  Shooting 
stars  numerous. 
>lBt  mag. , 


Light,  gave  a 
distinct  sha- 
dow. 

One    (markedlLuminous  track,  lasted  30 
1"J  of  extra, 
oroinary  bril. 
liancy. 


Visible   about   I 


Brilliant  trun , 


Instantaneooi . 


'••Df^^^^a-crGoi!^  -l^' 


A  OATALOOUB  OF  OBSBBVATIONt  OV  LUMINOUS  HBTSORB.   IS 


Direction  or  altttudt. 


General  remarki. 


Place. 


Observer. 


Reference* 


A  abort  and  indined  20^  to 
horizon,  passed  between  «  and 
^  Sagittarii. 


Cattle  Donington 


Coltingwood, 
Hawkhnist, 
Kent. 


B«T.  J.Sowter... 


Uckileld 


Kmt  &0°  above  NJS.  borizon, 
poMiDg  through  the  Galaxy 
■nd  proceedingsome  distance 
further  in  a  S.W.  course. 


fxaae  Majoris  towards  Arcturus 
Idway  between  i  Ursse  Majoris 
andCor.  Caroli  towards  Arctn< 
nis ;  it  exploded  like  a  rocket. 
latiopeta  towards  u  Lyrse.. 

ear  «  Ursse  Majoris 

ear  «  Urse  Majoris 

Pom  zenith  passed  just  below 
m  LyrK ;  lost  in  a  cloud. 


Tipperary.. 


C.L.  Prince,  Esq. 


Correspondent..  < 


Mr.  Lowe*!  MS. 

Letter  to  Prof. 
Powell.  See  Ap- 
pendix, No.  3, 

B.  M.  S.  Beport. 


Illustrated  London 
News. 


Castle  Donington 
Ibid. 


W.H.Leeson,Esq 
Id 


IMd... 
Ibid... 
Ibid... 
Ibid... 


Id. 
Id. 
Id. 
Id. 


Haverhill. 


of  meridian,  inclining   tolDisappearedbehindNewCoU.  Lane, 
S.S.W.  from  Cygnns  towards     brnkUngs.  Oxford. 

OphhichoB. 

hrough  Hercoles  perpendicn- Ditto • Ibid.., 

lar  to  horizon. 


kom  near  u  Aquilae  to  Sagitta- 
xiiia ;  coarse  inclined  45°  to 
meridian. 


Ditto Ibid. 


^m  •  Lyx»  towards  Ophin- 
chna. 

If.  of  meridian;  slightly  in- 
clined. 


Hartwell  Rectory 


South    Claydon, 
Bocks. 


Disappeared  behind 
buildings. 


Ditto 


Mrs.  W.  Bore- 
ham. 

Prot  PowelL 

Id. 

Id. 


Mr.  Lowe's  MS. 
Ibid. 


Ibid. 
Ibid. 
Ibid. 
Ibid. 

See  Appendix, 
No.  5. 


Rev.  C.  Lowndes  B.  M.  S.  Report 


Rev.  J.  J.  Irwin. 


New  Coll.  Lane, 
Oxford. 


Ibid... 


Ibid. 


Prof.  PoweU. 
Id. 


Digitized  by 
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[uent 
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and 

letter    to 
Powell.  SeeAp. 
pendix,  No.  4. 
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RBPOllT — 1851. 


D«te. 


Hour. 


Appearance  or 
magnitude. 


Brightnesi 
and  colour. 


Train  or  aparka. 


Vd(M3ty« 
dontiaiL 


1850. 
Aug.     12 


h  m 

8.  0  p.m. 
(soon  after} 
10  22  p.m. 

(G.M.T.) 

10  22  15* 
10  23  p.m. 
10  31  p.m. 


10  32  p.m. 

10  32  15* 

10  33  p.m. 

11  9  p.m. 


i  size  of  foil  <C 
3rd  mag. 


Equal  to   the 
rising  (t. 


IT 


4th  mag. 

3rd  mag 

Like  a  spark 


Yellow. 


Slight  streak 


At  first  B  5th  mag. ; 
at  last  « 3rd  mag. 


11  40  p.m. 


13 


14 


10    7  p.m. 


10  55  p.m. 

10  57  p.m. 

11  15  p.m. 


8  45  p.m. 


9  48  p.m. 
9  49  p.m. 


*5th  mag. 
s  3rd  mag. 


12^  in  diam.  and  glo- 
buhr. 


Shooting  stars  nume- 
rous. 

A  shower  of  meteors, 
too  many  to  count, 
all  haTing  the  same 
origin  and  direc 
tion,  only  a  few  de- 
grees above  horizon 
and  descending  to  it 
about  S.E.  by  S, 

Very  small  


Blue ;  it  in< 
creased  in 
brilliancy. 

Blue 


Blue.... 
Yellow. 


Divided  streak 

Streak 

Train  of  light .. 


DuiaiiimlSaai 

1  aec.  ......m^ 

Momeataiy.^ 
Momentsiy  ..m^ 
Lasted  ^MC.;  4 
rapid. 

iofaseooai^ 

i^see.  ........^ 

^aec  .........^ 

Slow 


Splendid  train . 


srSrd  mag. 


si3rd  mag 

Bright  meteor. 


Leaving    a    long    bright 
itreak. 


Over  5*  is  Is*-! 


OverKTiBl* 

Over  12**  in  1*1 
.-I 


4  or  5  times  larger 
thanl^. 


Pale  straw  ... 


No  tail. 


Small,  »4th  mag. 
»3rd  mag. 


Yellow. 
Blue.... 


No  tail. 


10  0  p.m. 
10  0  p.m. 
10    9  p.m. 

10  24  p.m. 


e 3rd  mag. .... 
to  M  AquUae . 


>  1st  mag. 


White  

Colour  of 
K  Aquilte. 


Splendid  train,  15^  long.. 


Duration  2  Ktf^ 


Duration  1  «^  1 

I 

M 


Over  20*  in* 


1 


t  From  a  point  about  XIX**  00  A  lOO"  ^^' 
tized  by  Google 


Digitiz 
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Direction  or  altitade. 


riiiff  toi^ards  the  S.W 

veen  «  and  fi  CapricoriL  , 


m  feet  of  Capricorn 

}w  Scorpio 

m  r  Cassiojyeiie  to  belov 
olarifl.   • 

iiontallyfrom  II.24Cainelo. 
irdi  towards  x  Draconis. 

<ed  perpendicularly  up  for 

*  from  T  Casslopeiae. 

a  C.  H.157  LynciS)  towards 

Ursae  Maoris. 

a  /3, 7&X  Pegasi  perpendic. 

rwn  to  within  20®  of  hori- 

m^  when  it  went  behind  a 

oud. 


Had  the  appearance 
of  a  spark  very 
near  us. 


In  1  to  2  sees,  after  Ilighfield  House, 
a  flash  resembling 
lightning,  and  as 
vivid,  and  irome 
diately  a  second 
from  the  same 
cloud. 


above  y  Persei ;  its  path 
early  parallel  to  horizon, 
at  dipped  a  little. 
jbove  fi  Herculis,  and  paral- 
il  with  it  and  19  Herculis. 
^uulei  to  near  64  Capricomi 
n  below  /3  Aquilas  to  just 
tove  Fomalhaut,  moving 
early  horizontally  from  E. 
rwards  S. 

D  between  >.  Bootis  and  Circular, 
UrssB  Majoris  pcrpendicu- 
rly  down,  inclining  slightly 
irth ;  passed  near  Cor.  Ca- 
ll and  about  3"  to  4""  N.  of 
te  large  group  in  Corona  Be- 


ll   H.   24  Camdopardi  to 
UrssB  Majoris. 
Kndiciilariy     down     from 
Cassiopexse. 


rgni  to  i  y  Pegasi 
r«Aqmls  


at  30°  N.  of  a  Hercnlls  and 
'  S.  of  ^  Opliiuchi. 


General  remarks. 


Penzance,  Com- 

wall. 
Rose  HiU,  Oxford  Rev. 


Ibid. 

Ibid- 

Higbfield  House 


Ibid... 


Ibid.. 
Ibid.. 


South    Claydon, 
Bucks. 


',  well-de- 
iined  disc. 


X  meteor. 


Place. 


R.Edmonds,jun., 
Slatter.. 


(d.    

Id 

E.  J.  Lowe,  Esq, 


Id. 

Id. 
Id. 


E.  J.  Lowe,  Esq, 


Ibid... 


Id. 


Rev.  J.  J.  Irwin. 


Darlington 


Ibid.. 


Ibid 

Port  Madoc, 
Caemarvonsh. 


Beeston  Railway 
Station,  l^mUe 
S.  of  Higbfield 
House. 


Higbfield  House. 
Ibid. 


Ibid , 

Castle  Donington 
Ibid , 


Observer. 


Esq. 
.  J. 


J.  Graham,  Esq. 


Id. 


Id 

Mrs.  Smyth . 


R.  Enfield,  Esq. 


E.  J.  Lowe,  Esq. 
Id 


A.S.H.Lowe,E8q 
Rev.  J.  Sowter.. 
Id 


Darlington  I  J.  Graham,  Esq. 


Reference. 


Mr.  Lowe's  MS. 

Com.to  Prof.  Powell 

Ibid. 
Ibid. 
Mr.  Lowe's  MS. 

Ibid. 

Ibid. 
Ibid. 
B.  M.  S.  Report. 


Ibid. 

Times,  Aug.  15 ; 
and  subsequent 
letter  to  Prof. 
Powell.  See  Ap- 
pendix, No.  4. 


Mr.  Lome's  MS. 


Ibid. 

Ibid. 

Letter  to  Prof. 
Powell.  See  Ap- 
pendix, No.  3. 

Mr.  Lowe's  MS. 


Ibid. 

Ibid. 

Ibid. 
Ibid. 
Ibid. 

Ibid. 


Mmed  at  right  angles  vnth  others  with  no  projectile  force. 
1851. 
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REPORT — 1851. 


Date. 


Hour. 


Appearance  or 
magnitude. 


Brightness 
and  colour. 


Train  or  iparkt* 


Yctodtffl 


1850. 
Aug.  14 


15 


h  m 
10  28  p.m. 

10  35  p.m. 

9  35  p.m. 


« 2nd  mag.. 
4th  mag. ..., 


Bright  train,  12°  long.. 


1  tee.  .•fn.Mi 


18 


20 
22 


29 


2  00ta.m. 
9  30p.m, 


7  50?  twi. 
light. 
10    0  p.m. 


2nd  mag.... 
»3rd  mag. 


10  24  p.i 


14  25  p.m. 
9  55  p.m. 


9  59  35* 
10  1  p.m. 
10    2  p.m. 


10    3  p.m. 


10  4  p.m. 
10  15  p.m. 
10  20  p.m. 


Small 
Large 


Much  brighter 
th«nUtmag< 


Viiible  train  left . 


Time  Si  M 


Ist  mag. 


*to  Arctumi . 


Twice  the  size  of  2^ ... 
«3rdmag 


-3rd  mag. . 
B2ndmag. . 
■  2nd  mag. . 


At  first » 5th  mag. 
star,  at  last  3  times 
size  of  Saturn. 


B  2nd  mag. . 
••3rd  mag. , 
a  1st  mag.  . 


Yellow . 


YeUow. 


Duration  i  sec. 

Blue. 
Red 


Orange-scarlet 


2  lect. •^ 

Owsrl0*iBll 


Slight  train , 

Train   OverZO^a" 


1  sec  ......^ 


DnratimlM^ 


Left  a  red  train  of  sparks.. 

Magnificent  train,  fhlly  25^ 
long. 


DoratioBl^fr 

Rapid  •^ 

Over  45*  IB  >> 


Fragments 


This  diagram  will  show  the 
appearance. 


^•ilUJ 


Slow, 


Train  of  at  least  30**  in  Over  40"  &i 
length. 


Rapid  . 
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Direction  or  altitude. 


General  remarks. 


Place. 


Observer. 


Reference. 


BQgli  iS  Lyne  and  1""  E.  of 

Cygni. 

)Te«Per8.  Gave  same  centre 

I  in  Aug.  6 

n  » to  ^  Ursas  M^joris  ... 

n  a  point  nearly  10°  left  of 

Lyr»  in  a  vertical  direc- 
on  tovrards  horizon;  ex< 
loded  like  a  rocket;  at 
arting  it  appeared  rather 
Ball,  gradually  increased, 
len  decreased;  for  an  in- 
ant  disappeared,  then  in< 
eased,  and  decreased  again, 
lee  fig.) 
wgh  Cettts  above  fi  from 
iad  of  Cetus 
a  15  Persei,  and  moved 
arly  parallel  with  y  and 
and,  being  nearly  perpen- 
&  vnth  horizon, 
town  from  Urs.  Mi^.    ... 


Darlington 


Rose  Hill,  Ox. 

ford. 
Castle  Donington 
Near    Union 
House,  Shard- 
low  (near  Cas- 
tle Donington), 


J.  Graham,  Esq. 

Rev.  J.  Sbitter... 

Rev.  J.  Dalby  ... 

W.   H.   Leeson, 

Esq. 


MS.  of  E.J.Lowe. 

Communicated  to 

Prof.  Powell. 
Mr.  Lowe's  MS. 
Ibid. 


Rose  HiU,  Ox- 

ford. 
Darlington  


a  zenith  towards  E.,  passing 
.  of  «  Cassiopeiie. 
iiy.peq>endic.  down,  lncli< 
log  to  N.  from  5°  below 
Sootis. 

a  a  to  ;^  Ursae  Migoris, 
mgh  «■   AndromedsB   and 
Krat   l"*  N.   of   ;:   Andro- 
ids. 
D  ft  Bootis  to  Aictanis 


Rather  rapid 


Rapid 


II  y  Tnangoli   to  Saturn 

'•  e.  near  i  Piscium). 

Mgh   11   Masoe  Borealis, 

ightly  abore  m  Arietis  and 

*  below  y   Pegasi;   as   it 

C»ved  along,  an  increase  in 

B  apparent   alt.  was   evi- 

mt. 

a  I  Persei  to  near  No.  21 

BTseL 


Rose  Hill,  Ox. 

ford. 
Highfield  House. 

Ibid 


Nottingham 

Darlington  

Highfield  Houae, 

Ibid. 

Darlington 


Rev.  J.  Slatter... 
Graham,  Esq. 

Rev.  J.  Slatter... 

A  S.  H.  Lowe, 

Esq. 
E.  J.  Lowe 


Commimicated  to 

Prof.  Powell. 
Mr.  Lowe's  MS. 


Communicated  to 

Prof.  Powell. 
Mr.  Lowe's  MS. 


G.^Allcock,  Esq. 
J.  Graham,  Esq. 


E.  J.  Lowe,  Esq. 


Id. 


J.  Graham,  Esq, 


ibid. 


Ibid. 
Ibid. 


Ibid. 
Ibid. 


Ibid. 


Moved  horizontal 
ly;  it  was  not 
one  meteor  but 
separate  frag- 
ments, which  in- 
creased as  they 
proceeded,  until 
all  suddenly  va- 
nished. 


Highfield  House. 


tmve  f  Arietis,  and  directly 

nth  in  a  line  parallel  with 

irizon. 

pendicularly  down  from  Po< 

Hs. 

wndicidarly  dovm  from  i 
erculia. 


E.  J.  Lowe,  Esq. 


Ibid. 


Darlington  neaijj.  Graham,  Esq. 
Durham. 


Highfield  House, 
lat.52^57'30" 
long.l^'lO'W. 

Highfield  House. 


E.  J.  Lowe,  Esq. 


Id. 


Ibid. 


Ibid. 


Ibid. 
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nE  PORT— 1851* 


Date. 


Hour. 


1860. 
Aug.   29 


h  m 
10    7  p.m. 


Great ftr  than  2nd  mag. 
star. 


Appearance  or 
raa2;nitQ<lc. 


30 


Sept.     1 


10    7  SO* 
10  39  p.m. 


10  40  30' 
9    5  p.m. 


Evening; 
twilight 
immediate- 
ly alter. 


■  3rd  mag. .. 
-  to  Saturn 


» to  Siriui . 
=  4th  mag. . 


10  11  12' 

10  20  p.m. 

11  13  p.m. 

11  16  pm. 
11  17  p.m. 


9    0  6*43 


a  4th  mag. 


2nd  mag. 

as  Gth  mag. 

s  6tli  mag. 
a  Gth  mug. 


-tol^. 


6 


9  33  p.m. 
11    0  p.m. 


s2nd  mag. 


Brightness 
and  colour. 


Train  or  sparics. 


Blue. 


SUghtt^   

CuriotM  path  of  a  meteor. 


VdoGtysr 


DnraftionlBai 


/ 


Blue L 

Yellow Train  of  sparks 


lied  , 


Mo  tail. 


YeUow. 


Left  streamers... 
Itself  as  a  spark  < 


\s  a  spark 
As  a  spark 


Nearly      as     Train  of  5'  to  6*  in  length 
bright  as  If. 
ivhite. 


Train  15°  long 


VeryrspM. 
Duration  i« 


1  see. 


1  sec 


J 


Duration  1  *•! 

Almost  iastt^ 

ous.  J 

Insuntaneotfi 

Instantinec*^ 


DuratioB  2 


J 


Over  18"  in  5* 
J 
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IHiecikm  or  altitude. 

General  remarks. 

Place. 

Observer. 

Reference. 

B  r  Aadromedaeto  neariy  n 

Three  meteors  of 

Uighfield  House. 

E.  J.  Lowe,  Esq. 

Mr.  Lowe's  MS. 

^end,  when    it    suddenly 

Aug.  29th  gave  a 

aned  at  more  than  right 

point    of   diver- 

ogles,  and  fell  back  again 

gence  at  about  H. 

owards  horizon  inclining  E., 

3     Caraelopardi, 

Ii^ipeariug  at  $  Persei. 

and  the  meteor 
at    10*    7",    al. 
though   at    first 
coming  from  an 
almost    opposite 
point,     on     its 
changing         its 
course,    if    this 

« 

latter       motion 
were    continued 
backwards,       ii 
would  also  give 
H.3.Camelopardi 
as  the  points  of 
divergence. 

ft  CkairimMrdi  tt>  r  AnriiriR .. 

Ibid 

[d.    

Ibid. 

»i  between  y  Pegasi  and 
tPischun  to  between  n  and  y 
Aqoam. 

Ibid 

Id 

Ibid. 

SB  Kockil  to  A  Bootis   

Ibid 

Id 

Ibid. 

fou  the  xenith   

Ibid..... 

A.  S.  H.  Lowe, 

Esq. 
Rev.  J.  Slatter. 

Ibid. 

Communicated    to 
Prof.  Powell. 

'down  throoffh  Camric. 

Rose    HiU,   Ox. 

iAdwh  through  Ophinchua... 

Ibid. 

Uckfield  

Id 

Ibid. 

B.  M.  S.  Report 

Meteors  very  nu- 
merous. 

C.L.  Prince,  Esq. 

iiabdireen  Kockal  and  y  ( 
'>iUi«eMigoria. 

These  four  gave  a 

Highfidd  House 

E.  J.  Lowe,  Esq. 

Ibid. 

point   of  diver- 

Ipndeito  ^  Antiaous    ... 

gence  near  fi  Pc- 
gasL    The  three 

Ibid 

Id 

ibid. 

linrilto^Capricomi  ...  | 
pttrys-Pooitoski  to  fi  Ophi- 

first   were   verv 

Ibid. 

Id 

Ibid. 

small,  very  rapid, 
and  appeared  as 
if  much  furthe^ 

Ibid 

Id.    

ibid. 

from   the  earth 

thanuiuaL 

ViteonDence.  UttleE.d 

t  Cephd,  and  nearly  in  a 

ne  between  that  star  and  ^ 

'^CsMiopeic,  passed  close  to 

Grantham    

J.  W.Jeans,  Esq. 

Mr.  Lowe's  MS. 

.  y  Cephd,  and  about  mid- 

Jy  between  •  and  1  Ursa: 

«Mrisj  it  disappeared  niid- 

*nbetween  those  stars  and 
•  Dnoonis  5  when  between  a 

udiUrKeMinoris  it  rapidly 

jtoiihed  in  brightness, 
i**rtdy  below  13  Hcrculis, 
•5.PMsed4(KW.of>Ophi- 

Darlington  

J.  Graham,  Esq. 

Ibid. 

^PbeestAFomalhaut  .... 

Rev.J.B.Ileade 

B.  M.  S.  Report 

Digiti 


zed  by  Google 


32 


RBPOBT — 1851. 


Date. 


Hour. 


1850.      h  m 
Sept.   10  9  35  p.m. 


Small 


12 


15 
17 
21 


28 
30 


Oct.      1 


8  31  p.m. 
12    6  p.m. 

9  31  p.m. 
10  4  p.m. 
10  18  30' 


Gradoally     increased 
till  it  was  6' in  diam. 


9  30  p.m. 
10  45  p.m. 

8  10  p.m. 

9  40  p.m. 

9  40    1" 

9  48  p.m. 

9  50  p.m. 

10    3  p.m. 

Betweeu 

9  10  p.m. 

and 
9  30  p.m. 


Appearance  or 
magnitude. 


•  2nd  mag. 
■  3rd  mag. 
-Istmag. 


Brightness 
and  colour. 


Train 


[ness. 
— to  Capella  in  bright- 
Large  


-  Ist  mag. 


»3rd  mag. 


s3rd  mag. 


'  Ist  mag. 


SmaU  

3rd  mag. 
Ordinary  ... 


Blue. 


Also  in  bright- 
ness until 
brighter  than 
Venus  when 
she  is  bright- 
est ;  colour 
bluish,  at  first 
pale,  but  he- 
came  gradu- 
ally deepei 
blue. 


Left  a  straight  line  w 
sparks;  it  threw  off  a 
quantity  of  sparks  on 
bursting. 


Colourless 
Bright 


Very  bright . 


Tnia  or  sparks. 


VdodtTsr 
dunUga. 


Train  7°  long OrerlS'iaWl 


Streamen 


Rapid  ^ 

OTer25^ia4i 


of|  Moved  TOT  A 

and  rather  i 

gulariy; 

©▼erria6i 


Left  a  train  of  light  40^  in 
length. 


Slowly 

Very  npA  ...^ 
Very  rapid 


Slow.. 
Slow.. 


=Ei 
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Direction  or  altitude. 

General  remarks. 

Place. 

Observer. 

Referenot, 

*    /    * 

Clifton 

Pft>f.Pawea. 

y*  Bootis, 

' 

IT  Z  Serpentarii  pasBed  mid- 

Darlington •••••• 

J.  Graham,  Esq, 

Mr.  Lowe'a  MS. 

day  between  )  Ophiuchi  and 

• 

f  Serpentani. 

Di    below    «    Aqiiilae    and 

Came  from  du-ec- 

Highfield  House 

E.  J.  Lowe,  Esq. 

Ibid. 

loved  towards  W.  at  an  an- 

tion of  the  DoL 

te  of  65^ 

phin. 

8,  of  Lyra,  and  passed  close 
f.ofCHereulis. 

Darlington 

J.  GrahaiD)  Esq, 

Ibid, 

ironsB  Boiealis  to  4^  above 

Stone  t f. 

Rev.J.B.Reade 

B.  M.  S.  Report. 

Itum* 

ted  from  a  point  situated  in 
line  perpendicular  to  tbe 

Darlington  

Mr.  Lowe's  MS. 

IfiaoQ.  passing  through  ^ 
ram  Migoris  (the  starting. 
lint  was  2°  below  this  8t«r) ; 

descended  towards  horizon 

1  a  direction  a  little  E.  of  N. 

lie  tine  along  which  it  passed 

ibl^ended  an  angle  of  about 

Tf  with  the  line  perpendic. 

>    horizon,    meeting    that 
Dint  of  the  meteor's  path 

pm  which  it  started.    Its 

mc  tapered  off  to  a  point 

here  it  joined  the  train.   It 

ipea^   like  a  flying-kite 

verted. 

nui^nis  to  y  Vrsae  Majoris. 

Stone  

Rev.  J.  B.  Reade 

A.  S.  II.  Lowe, 

Esq.         [Esq. 

B.  M.  S.  Report. 
Mr.  Lowe's  MS. 

45'='  in  S.S.E.,  moved  hori- 

Highfield  House 

mtally  to  S.W. 

i  b^ow  Polaris  to  Cassiopeia 
r  «>  Lyne  

Castle  Donington 
Ibid 

W.    U.   Leeson, 

E.  J.  Lowe. 

Id 

Ibid. 
Ibid. 

n  midway  between  Cassio- 
lia  and  Delphipus  to  mid- 

Ibid 

Id 

ay  between  Ddpbinus  and 

llair. 

n  midway  between  Delphi. 
|s  and  Altair,  (n  a  vertical 

Ibid 

Id 

Ibid. 

rcetion;  path  %boot  10^ 

i  m  Capellaj  towards  Pola- 
1,  in  an  upward  direction. 

Ibid 

Id 

Ibid. 

1  M  Lyrae  perpendic.  down, 
nsi  towards  horizon  

Ibid 

Id 

Ibid. 

Ibid 

Id 

Ibid. 

Private  report  to  E. 
J.  Lowe. 

e  meteors  at  differCht  times 

Observatory, 
Durham.' 

R.C.Carrington, 
Esq. 

ling  the  Aurora  Borcalis 

ire  seen  to  shoot  from  the 

pbs  not  passing  through  it, 

t  emerging  from  it ;  their 
ttis  seemed  irregular.   The 

It  shot  out  from  near  the 

eiades  and  made  for  the 

rizon;  the  second  darted 

t  about  the  meridian  and 

>k  an  oblique  path  south ; 

e  third  was  in  the  west  and 

1  towards  the  horizon. 
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Date. 


1850. 
Oct      1 


Nov. 


9 


10 
11 

13 

15 


26 
28 


Hour. 


h  m 
9  44    3' 


6  30  p.iii. 
6  45  p.m. 


Aa  a  «p«rk»  but  cs  to  2^ .  Orange. 


7    0  p.m. 

7  35  p.iii. 

7  40  p.m. 
10  10  p.m. 
10  15  p.m. 
10  28  p.m. 


10  40  p.m. 
10  15  p.m. 
9  30  p.m. 
(g.m.t.) 
10  30  p.m. 
10  45  p.m. 


9  45  p.m. 
9  23  p.m. 

10  0  p.m. 
6    0  p.m. 

11  5  p.ra. 


7  50  p.m. 


9  26  p.m. 
7  20  p.m. 


6  20  p.m. 
6  25  p.m. 
6  35  p.m, 
6  38  p.m. 

6  51  p.m. 


Appearance  or 
magnitude. 


Same  size  . 


Small  

■B  3rd  mag. 
>»3rd  mag. 

Small  

SmaU  

a>  3rd  mag. 


SB  3rd  mag. 
Two 


SmaU  

SmaU  

Larger  than  a  cricket- 
ball[?]. 


Blue,      very 
bright. 


Several  shooting  stara 


a^ 2nd  mag., 
Four , 


SmaU  

Brilliant  meteoric  ball 


« 2nd  mag.. 


One  as  large  as  Venus 


s3rd  mag. 


(\8  a  spark,  appearing 
to  be  quite  low  in 
the  air. 


SmaU  

SmaU  

3rd  mag. ..., 
Very  briUiant 

»3rd  mag. .... 


Brightness 
and  colour. 


Threwthestars 
into  shade. 


Blue., 


Reddish 


Yellow. 


Train  or  aparka. 


NotaU 


DonttiODiiR. 


Over  10"  ID  11^ 


A  well-marked  Une  of  light 


Burdt  with  various  coldnra  Inatantaneoi- 

T^eft  a  mass  of  light ;  Une  Duration  i  i* 

/ 


Long    tail  of  light,  and 
sparks. 


Ko  accompaniment 


Train 


Yelodtja 
duAtuii 


R^id  .^ 

Rather  slffw.J 
Rapid  ........ij 


Over8*'ial« 
Two  or  ttatti^ 


Slow --* 


Ov«r2(r'isU 
Short  ...M.K.-' 


V> 


DuratioaSiitf 

Overl5°ia«« 
Duration  1  s(& 


Time  1  sec.  .- 

Rapid  - 

Rapid  ....r-** 
Rapid  •-- 

Slow - 
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Direction  or  altitude. 


General  remarks. 


Place. 


Obienrer. 


Reference* 


»m  y  Pegasi  at  an  angle  of  Circular  thoush  at 


IS""  towards  S.  Had  the  ap- 
fiearance  of  being  near  roe. 
Iiurora  Borealis  at  the  time. 
oiN.W.taS.E 


»m  {[  Ursie  Majoris  perpen. 
iicularly  towards  horizon; 
ost  in  clouds. 
im  /3  to  ^  UrsK  Majoris 
on  f  Bootis  to  Arcturus 
iaris  to  ^  Ursse  Majoris 

im  «  to  «  Arietis 

Iromeda  to  Cassiopeia 

Lyncis,  about  2^  of  t  Urs. 

tfaj. 

m  » towards  ^  Ursse  Majoris 

iaiopeia  to  Capella 

im  above  Aries  under  An- 
hrom. 

.45**inW.S.W 

eaat 

;.  45<>  in  N.W.,  moved  to 
irards  the  N.  nearly  horizon- 
tally, but  inclining  slightly 
earthwards. 


a  spark;  disap- 
peared  at  an  al- 
titude of  15^. 

Did    not  explode; 

frequent  lightning. 


Nottingham.. 


Hereford . 


Castle 
ton. 


Doning. 


B.  J.  Lowe,  Esq. 


Correspondent... 

W.    H.   Leeson, 
Esq, 


Ibid 

;ibid 

(Ibid 

Highfield  House 
Hartwell  Rectory 
Darlington  ... 


Ibid... 
Hartwell  Rectory 
Rose   HiU,   Ox. 

ford. 
Highfield  House 

Ibid. 

Hereford%, 


TK*^  Ci 


ned  '^  E.  of  I  Cygni,and  3' 

1^.  of  the  cluster  in  Delphinus. 

down   from    left-band   of 

Bootes. 

Qfin  zenith  to  the  north 
om  zenith  about  half-way  to 
horizon. 

Dm  half-way  between  e  and  if 
Sagittas  through  y  Sagittse, 
prhen  it  turned,  rose  and  ex 
ploded  near  /ft  Cygni. 


Exploded  into  half 
a  -  dozen  large 
sparks. 


With  a  faint  Aurora  Huggate,     near 
Pocklington, 
Yorkshire. 
Darlington  .... 


rm.  Orion  to  W 

ar  zenith  moved  nearly  hori. 
Eontally,  with  slight  dip  in  a 
N.B.  direction,  disappearing 
lUghtly  E.  of  Limerick, 
rough  No.  27,  and  l""  E.  of 
ffo.  11  Lyncis. 
rred  over  10**  of  space ;  pass- 
ed 30'  under  «  Pegasi. 


Fraae  Majoris  perpendic.  down 
Jrsie  Migoris  to  y  Bootis  .. 

iiImI)  to  Miraq^ 

ooma  CoronsB  Borealis  per 

^dic.  down. 

«yra6  to  Gemma < 


It  passed  behind  se- 
veral clouds.  The 
accompanying 
diagram  will  best 
show  the  curious 
path. 

Several 


Id.    

Id 

Id 

E.  J,  Lowe,  Esq, 
Rev.  C.  Lowndes 
J.  Graham,  Esq. 


Mr.  Lowe's  MS, 

Hereford  Times. 
Mr.  Lowe's  MS. 


Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 


Id.    

Rev.  C.  Lowndes 
Rev.  J.  Slatter. 

[Esq. 
A.  S.  H.  Lowe, 

Id 

Littgen,.Esq. . 


Ibid. 
Ibid. 


Rev.  T.  Rankin. 


J.  Graham,  Esq. 


Ox. 


Rose    Hill, 

ford. 
Highfield 
Toronto,  Canada 


Rev.  J.  Slatter. 
[Esq. 
House  A.  S.  H.  Lowe, 
Correspondent.. 


Highfield  House 


£.  J.  Lowe,  Esq. 


I 

Trowbridge 

From  Galway  to 

Limerick,     in 

coach  (8  miles 

fromLimerick). 

Darlington  


Nearly  horizontal, 
inclining  slightly 
downwards,  mo- 
ving towards  S.W. 


Highfield  House 


C.J.Astley,Esq. 
J.W,KeUy,E8q. 


J.  Graham,  Esq. 
E.  J.  Lowe,  Esq. 


Ibid. 
Ibid. 
H.  Lawson,  Esq.'s 

letter   to  E.  J. 

Lowe. 

Letter  to  Prof! 
PowelL  SeeAp- 
pendiz.  No.  8. 

Mr.  Lowe's  MS. 


n)id. 
Globe,Octl9,1850. 

See     Appendix, 

No.  6. 
Mr.  Lowe's  MS. 


B.  M.  S.  Report 

Ibid. 


Mr.  Uwe's  MS. 
Ibid. 


Castle  Donington 

Ibid , 

Ibid 

Ibid 


[Esq, 
W.   H.   Leeson, 

Id 

Id 

Id.    


Ibid.. 


Id. 


Ibid. 
Ibid. 
Ibid. 
Ibid. 

Ibid. 
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RBPOBT— 1851. 


Di^ 


Hour. 


Appe«rftiice  or 
magnitude. 


Brightness 
and  colour. 


Tnun  or  sparks. 


VetocUyw 
duntuo. 


1850. 
Nqv,     1 


h  m 

6  54  p.m. 

6  58  p.m. 

7  0  p.m. 


SmaU  , 

Small  

Intensely  bright,  and 
large  meteor. 


8 


9  35  p.m. 

9  57  p,in. 
10    0  p.m. 


»  3rd  mag* 

»4th  mag. 
a3rdm9g« 


After  bunting,  a  streak 
light  remained  for  about 
20  minutes,  10°  or  12° 
in  length,  with  a  bright 
nucleus  at  one  end,  Uke 
a  comet;  decreased  in 
length  and  vanished. 

Train   


Slow... ^^ 

Slow 

rapdly 
N.W.  to  i&i 
abontSseck}! 
noise. 


of  Shot 


Train 


OTer9°inlii| 

OverlQ°iAlM 
OYcr6°ia3 


8    0  p,m. 


Visible  10  saai 
lastsoddesl^t 
appeared. 


5  50  p.m. 


Duration  1  s«c-  • 


5  45  p.m. 

6  12  p.m. 


7    5  p.m. 
5  to  6  a.m. 


Larger  than  ? 
Large  


Bright    and 
bluish. 


No  explosion 


About  «  ?  Brightyellow. 

38   meteors   (only  a  Light  on  com- 


portion  of  the  sky 
Yisible). 


15 
16 

19 
23 


5  45  a.m. 
5to6a.m..^ 


Brilliant  meteor  . 


16  small  meteors  , 


10  55  p.m. 


3  times  larger  than 
Saturn. 


bastion ; 
seemed  to 
increase  as 
they      de- 
scended. 
«twice  2^   .. 


Disappeared  with  faint  ex- 
plosion. 


Tail  3°  long;  light  became 
pale  red  and  then  dis- 
appeared. 


About  6  sees.  ...-| 


Disappeared ;  no  explosion 


;d 


Yellow. 


Slight  tail 


Rapid 


*  Mr.  Leeson  gives  o.m.t.    His  lat  and  long*  *^' 
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Direction  or  altitude. 


(Janeral  remnrks. 


Plaec. 


dbsenrer. 


RefeKnoo* 


ffli  towudi  m  Ceti „ 

ikai  to  I  Aquarii    „. 

Nil  about  60**  alt.  paased 
iritbiD  lO""  N,  of  9 :  ftt  about 
18°  alt.  burst  into  atars  of 
)rilliant  colouh. 


(Tftl  firopn  balf  between  ^  and 
Yf  and  passed  2^  below  i  Ge* 
Dinorum. 
ipqgb  spotbem  confines  of 
iKgitta  and  towards  «  Aquilae. 
p  i"*  N.'  of  fi,  and  passed 
ibrough  No.  3  Aquarii, 
reral  in  all  directions . . . 
a  sky  was  clouded.  Suddenly 
\  T^  luQiinous  appearance 
presented  itself,  as  seen 
^Qg^  the  clouds.  The 
^t  was  lenticular-^oaped ; 
ns  base  rested  on  the  hori- 
IDQ  a  tittle  E.  of  S.,  the  mid 
die  part  being  from  b''  tol(f 
to  E.  of  that  point.  Ito 
breadth  at  base  was  4%  the 
lUitude  of  its  apex  fwhich 
Vpcared  to  be  perpenoicular 
to  Its  base)  was  about  30^ 
The  brightest  part  was  the 
MBtre  of  the  base,  and  the 
Iglit  shaded  off  gradually  to 
#e  edges.  This  probably  was 
a  ltr|^  meteor. 
18.S.E.,  half-way  to  zenith 


CastleDonington 

Ibid. 

Bombay :   Mala- 
bar UilL 


Darlipgton  ...,, 


[Esq.* 
W.   H.  Leeson, 

Id 

A  correspondent 

to       Bombay 

Times. 


J,  Graham,  Esq, 


Ibid... 
Ibid... 


Id. 
Id. 


Trowbridge... 
Darlington  ... 


F.  J.  Astley,  Esq. 
J.  Graham,  Esq. 


Mr.  Lowe'a  MS. 

Ibid. 

Bombay  Bimonthly 
Times,  Not.  15. 
Communicated 
by  Dr.  Buist 
See  Appendix, 
No.  U. 

E.  J.  Lowe. 


Ibid. 

lua. 

B.  M.  S.  Report. 
Mr.  Lowe's  MS. 


nm  zenith  towards  horizon  in 
M.W. ;  lost  behind  clouds. 
|om  the  zenith  perpendicularly 
*)wn,inN.W. 


1  zenith  towards  N.W. 
iK.toW 


Overcast,  a  brilliant 
vivid  ffash ;  could 
it  be  a  meteor  ? 


Ilighfield  House. 


E.  J.  Lowe,  Esq. 


Oxford. 


Wi'id  E. ;  supposed 
by  observer  to 
influence  the  mo- 
tion of  the  me- 
teors. 


Beeston  Railway 
Station  (U  mile 
S.  of  Highficld 
House). 

Oxford. 

India:  Bore 
Ghaut. 


J.  Watson,  Esq. 


Ibid, 


Statements  made  to 

Prof.  Powell. 
Mr.  Lowe's  MS. 


A  correspondent  Bombay 
to       Bombay 
Times. 


Thnes, 
Nov.  20.  Com- 
municated by  Dr. 
Buist.  See  Ap- 
pendix, No.  16. 


|.W.toS.E. 


Ibid.. 


Id. 


iSKtoNir 


Ibid 

Bombay 


lK.toN.W.  

Wi  half  between  )  and  i  to :» 
Cctl 


Circular,   well-de- 
fined disc. 


Ibid. 

Highfield  House 


Id 

Correspondent  to 
Dr.  Buist. 

E,  J.  Lowe,  Esq. 


Ibid. 

Ibid. 

See  Appendix. 

Mr.  Lowe's  MS. 


ltt.5y>5r23"75N.    Long,  r  18' 42^  W. 
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BEPORT — 1851. 


Date. 


Hour. 


Appeannoe  or 
mmgnitude. 


Briglitiicts 
and  colour. 


Train  or  qiiikB. 


Ydod^ff 
dnntbii 


1850. 
Nov.    2 


Dec. 


h  m 

9  38  p.m. 

9  43pjn. 

9  47  p.m. 


a  4th  mag. 
a  5th  mag. 

o^rdmag. 


Train  5"  long 


10  10  p.m.  4  timet  size  of  Jupiter 
10  30  p.m.  Large  meteor  ... 


29 


7  30  p.m. 

7  45  p.m. 

8  43  p.m. 

9  0  p.m. 


10  35  pjn. 

(O.M.T.) 


11  30  p.m. 


30 


5    0  a.m. 


9  33  p.m. 
11  £0  p.m. 


Colour  of  Ju- 
piter. 


Overfi^inlMJ 
OverlO^iali 

OirerlO°in2i 


Very  slowly....^ 


Very  large  

Vcrylargi^ 

Meteor  bright ■■  twice 


White  or 
bluish. 


Train  of  light 

Train  of  light 

Left  brilliant ;  train  viaihle  Velociiy  i 

through  whole  track  for 

6  sect. :  no  explosion. 


Fine  meteor.. 

Fine  meteor.. 
a4th  mag... 

Large  


Blue. 


Blue.... 
Yellow. 


Long  light  tail,  visible  for|. 
some  time. 

Ditto   

Slight  tail    


Rapid 


Fully  a  i  diam.  of  (C 
or  lO'  of  arc. 


Very  bright, 
seen  in- 
doors with 
candles* 

Most  dazzling 


A  glow  of  light  continued.  Either 
after  the   meteor   had 
vanished,  for  some  little 
time. 


Bright. 
Large  . 


<H:elaesppn« 
ingmeinsskn^ 
line  some 40 
sees.,  sod  it« 
time  shone  # 
from  bdiirf 
doud. 


Very  bright, 
seen   m* 
doors  with 
candles. 


Heard  to  explode 


Large  

-3rd  mag. 


Large  

About «  $ 


Blue. 


Little  train 


OverlO^ials* 

Duration  3  secf." 
Velocity  modertte 
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Direction  or  altitade. 


General  remarks. 


Place. 


Observer. 


Reference. 


mngfa  f  towards  No.  1 2  Tauri 

tongh  %  and  about  1**  S.  of 

•  Tamn. 

m  a  point  4''  W.  of,  and  of 

ame  alt.  as  m  Ceti ;  a  passed 

nidway  between  Satnrn  and 

I  Ceti. 

m  near  Aldebaran  perpendic. 

town  over  the  space  of  30°. 


Darlington 
Ibid 


J.  Grabam,  Esq. 
Id 


lUd.. 


Id. 


Higbfield  House 
Oxford 


Mr.  Lowe's  MS. 
ibid. 

Ibid. 


Ibid. 


la  Major  to  Orion 

laris  to  Pleiades 

aiiy  perpendicularly   down 

anongh  about  lb""  in  W.; 

lisappeared  between  a  and  y 

Aquilse. 

Nn£.toN.W.    


Trowbridire . 

Ibid 

Oxford 


A  S.  H.  Lowe,] 

Esq. 
Mr.  O.  A  Rowe11,Coromunlcated  to 
Prof.  Powell. 
Appendix,  No.  7. 
B.  M.  S.  Report. 
Ibid. 
Communicated  to 

Prof.  Powell. 
Appendix,  No.  7. 


F.  J.  Astley,  Esq. 
Mr.  GiARoweii 


WorthingiSnssex 


om  y  Draconifl  downwards  to- 
wards W.  at  an  angle  of  60*^. 
aseeuded  nearly  perpendicu- 
larly in  W. 


Edinburgh 
Highfield  House 

Oxford.'.... 


A  H.  I^owe,  Esq, 

Correspondent... 
E.  J.  Lowe. 


Letter  toE.J.Lowe. 
Ibid. 


Afterwards  it  came 
out  in  a  break  in 
the  clouds,  and 
was  most  bril- 
liant for  a  few 
seconds. 


Mr.  Bishop's  Ob- 
servatory.  Re- 
gent's Park. 


Mr.  G.  A.  RoweUJCommunicated  to 
Prof.  PowcU. 
Appendix,  No.  7. 

Letter  toE.J.Lowe. 


iwn  Orion  towards  Polaris 
komW.  to  E.,  nearly  horizontal 


Jersey  .< 
Oxford. 


J.R.Hind,Bsq. 
F.R.S. 


Rev.  S.  King 

Mr.  G.  A.  Rowell  Communicated 


Nm  W.  to  Arctrarus , 

wwgh  »  2  Tauri  and  about  2' 

^B.  of  Aldebaran. 

me&diculariydown  in  E.S.E 

PwmC'toS^  E.  of  h  nearly  per- 

pwdicnlariy  down  but  a  lit- 

tle^towardi  E.,  though  nearly 

25°,  then  disappeared. 


One  of  our  labour- 
ing men  reported 
there  was  quite  a 
shower  of  me- 
teors for  some 
time;  he  never 
saw  so  many. 

Meteoric  stone  fell, 
3  feet  circum- 
ference;  dug  up 
immediately. 


Highfield  House 


Thomas  Cox 
farming  man 


.? 


Bengal . 


Trowbridge 

Darlington  


Highfield  House 
Oxford 


P.  J.Astley,Esq. 
J.  Graham,  Esq. 

S.  Watson,  Esq. 
Mr.G.  A  Rowell 


B.  M.  S.  Report. 
■   to 
Prof.  Powell. 
Appendix,  No.  7. 


Mr.  Lowe's  MS. 


See  Appendix,  No. 
18. 


B.  M.  S.  Report. 
E.  J.  Lowe. 

Mr.  Lowe's  MS. 
Communicated  to 

Prof.  PowcU. 

Appendix,  No.  7. 
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ftSPORT~185l. 


Date. 


Hour. 


Appearance  or 
magnitude. 


Brightness 
and  colour. 


Train  or  spazlcs. 


VekMs^v 

dntadfiiL 


1850. 
Deo.      6 


h  m 

9  33  pan. 


a  2nd  mag*. 


Train  fuUy  16'' long 


Oter  SS*ial<ri 


Middle  size . 


Large,  B  4  times  1st 
mag. 


IS  6    0  p.m. 
9  80  p.m. 

9  38  p.m. 


9  37  p.m. 
13 11  40  p.m. 


s2ndmag. , 
B 2nd  mag*. 


24 


26 


28 

1851 
Jan.       5 


9  30  p.m. 


9  35  p.m. 
10  30  p.m. 

10  31  p.m. 

10  40  p.m. 
7  38  p.m. 

6  30  p.m. 


6  53  p.m. 

7  1  p.m. 


>i3rd  mag« . 
As  a  spark 

••2nd  mag. 
—4th  mag. 


Small 
SmaU 

Small 


5th  mag. 
Large  


»  3rd  mag.  < 

e^  2nd  mag. 
»  4th  mag. 


Bunt  into  shower  of  sparka 

Tail  fan^hap9d\  length 
about  double  diameter 
of  body  I  separated  into 
sparks. 


NebuMtyofiliA 
for  some  Mai 


Long  train 


Orange-red  , 


Sparks  followed  it 


Ydlow. 


No  aeoompaniment.. 


Blue. 


Colourless    .». 

Bright ;  no  de. 
crease  or  in< 
crease. 


Continuons  tail 
Sparks 


OverlO^iili 
OrerO^inSii 


Over  r'tklU 
InttantaMffi'^ 


DuratiDn  4iM 

motion  ilov> 


Tail >..  Duration 


Rapid 

Rapid 


::.d 

........^ 


Duration  iV"*' 
Rapid  ^ 

Over6**m3ie*' 


Oyer  8*  In  1«*^' 
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Direction  or  altitude. 


General  remarks. 


Place. 


Observer. 


Reference* 


■ed  through  «  2  Ononis,  47 
rami  and  about  1°  above  »  2 
^tL 


Darlington 


J.  Graham^  Esq. 


£.  J.  Lovrt. 


geared  in  tail  of  Ursa  Miyor, 
sored  parallel  to  the  bodj, 
hen  curved  below  the 
lointers;  disappeared  about 
(fait,  towards  N.E. 

leti  to  Fomalbant  

ifid  r  below  C  and  «  Tauri, 

ad^  way  between«iaud  2  Ceti. 

peaied  near  Sirius ;  its  path 

ras  nearly  perpendicular  to 

lorizon,  but  formed  a  some- 

rhat  greater  angle  with  hori- 

ion  W.  than  S. ;  the  meteor 

Ksappeared  when  5°  E.  of 

Sfaios. 

Rmgh  y  OrioniSf  and  above  n 

Ononis,  passing  that  star  at 

£st.of3^3(K. 

m  between  •  and  fi  Gemi- 

nornm. 


Sherapore,  Deo» 

can. 
Huggate,   Pock- 

lington,  York' 

shire. 


Conrespoi 

Dr.  Buist. 
Rev.T.  Rankin. 


indent  to|  See  Appendix,  No. 
17. 
Letter  to  Prof. 
PowelL    Appen- 
dix, No.  8. 


Hartwell .. 
Darlington 

Ibid 


Rev.  C.  LowndesjE, 
J.  Graham,  Esq. 


J.  Lowe« 
Ibid. 


Id. 


Vunenced  2(f  above  the  W, 
horizon,  passed  through  the 
ttnith  and  through  the  Twins, 
^ppesring  suddenly  in  E.at 
an  altitude  of  30'' ;  ill-defined 
fise. 

pa  »  UrssB  Migoris  to  i  be 
tween  Castor  and  Pollux. 

l»,inS.W 

(an  alt.  of  45°  in  W 


Pell  nearly  perpen- 
dicularly down, 
inclining  slightly 
toN. 


Ibid 

Highfield  House 


Ibid.. 


Id 

E.  J.  Lowe. 

Id 


Moved  horizontally 


Ibid.. 


tan  sit  of  45°  in  S.W.    . 

RMn  y  to  (  UrssB  M%joris . 
LV.  


Fell  perpendicularly 
down. 

Nearly  perpendicu< 
larly  down,  incli- 
ning to  S. 

Ill-defined,  darted 
rapidly. 

Parallel  to  MUky 
Way  and  brilliant. 


Ibid 

Highfield  House 


Ibid... 


Ibid... 


^  a  pokt  3°  bebw  a  straight 
line  joining  Erica  and  •  Pe- 
gasi,  about  i  between  those 
■fan,  and  moved  S.  in  a  direc- 
tion nearly  parallel  vrith  that 
nae,  but  tending  slightly  to- 

^J»tls  the  horizon. 

pnway  between  f  2  and  ^  3 

I  ?^,  and  passed  2°3(rS.of 

iKeti. 

fttiedfirom  a  point  in  a  straight 
njfi  joining  «  and  45  Ceti, 
about  V*  nearer  the  former 
iUr,andps8Scd2°aboverCeti. 


Stives,  Hunting- 
donshire. 

Darlington  ....... 


Id 

[Esq. 
A.  S.  H.  Lowe, 
E.  J.  Lowe  ...... 

Id 

Id 

J.  King  Watts, 
Esq. 

J.  Graham,  Esq. 


Ibid.. 
Ibid.. 


Ibid. 

Ibid. 
Ibid. 

Ibid. 

Ibid. 

Ibid. 
Ibid. 

Ibid. 

Ibid. 

Communicated  to 
.  Prof.  PowelL 

Mr.  Lowe's  MS. 

Ibid. 
Ibid. 
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Dlfo. 


Hoar. 


Appetrance  nr 
magnitude. 


Briglitnett 
and  colour. 


Train  or  sparks. 


Vdoayv 
dontkKL 


1851 
Jan.      5 


8 
10 

16 

21 

22 
23 


27 

•  31 


Feb. 

4 
6 
8 

16 
24 
Mar.     11 


13 
21 
22 


April 


26 

30 

1 

2 


h  m 

7  39  p.m. 

8  9  a.m. 


«5th  mag. 


OrerS^inkil 
isec. 


Seen  in  bright  sua- 

shine. 
-9 


Brilliant  CO. 

loured  bill. 
Red 


3  15  p  m. 

10  23  p.m. 
10  28  p.m. 


-29 


■4th  mag. 
>ltt  mag. 


Yellow. 
Blue.... 


Bunt  into  numberiets 
sparks. 

Train  of  crimson  apailcs) 
vanished ;  no  explo- 
sion. 

Long  white  train ;  no  ex. 
plosion. 

N^otaU 


10  13  p.m. 

(O.M.T.) 


■■3rd  mag. 


No  train 


13    7  p.m. 
10  15  p.m. 

10  40  p.m. 

9    0  p.m. 

10  39  p.m. 

(G.M.T.) 

7  30  p.m. 
10  p.m. 
Daybreak. 


>  2nd  mag. . 
-  2nd  mag. . 

->to  Venus  . 

to  Sinus  . 

>Sirius  .... 


Red  .... 
YcUow. 
YeUow. 


Train 


Pale  colour .. 


No  tail. 


Yellow. 


Night  

^n 

Brilliant,  full 


NotaU... 
No  train 


Violet  train . 


Train 


10  30  p.m. 
8  0  p.m. 
8  26  p.m. 


7  45  p.m. 


Small   

Small,  spark-like., 
Large  


I 


As  bright  as  ^Trarn  of  light 
Leonis,  and 
of  tidulired. 


3rd  mag. . 


Bright  and 
white. 


Brilliant 


9        51* 

Grantham 

Time. 


etol^. 


As   bright   as 
0^,  rather 
more  blue. 


Ngne 


Tram  of  light 


Rapid  ^ 

Pale  train    Rapid  ^ 


I>uFatioaiH& 
Duration  0*5  n 

Slowly - 

Rapid  


1  sec. 


Loud  noise,  appi 
eddose. 


Duration  2  ««. 


Rather  slow - 


Duration  under  \ 
sees. 
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IMiwtMNi  or  altitude. 


Geoeral  remarks. 


Place. 


Observer. 


Reference* 


rf  above  Sirios  at  a  distance 
4^,  moved  southwardi  par< 
Id  irith  horizon. 


Black  mau  fell 


rN. 


rs. 


iPldadestoeTaiiri  . 
I  No.  92  MoBOoerotis  . 


I  alt  80°  in  S.  to  alt.  15' 
lttN.B.toS.8.W. 


Downwards . 
Meteor 


i  Kuth  through  Leo  . 
Mto«Ceti 


Meteor. 

Meteor 

During  Aurora 
Boxealis. 


isfrom  direction  of  Pleiades ; 

id  ttaited  from  I  Taori, 

id  moved  to  «  Ceti. 

i  y  Cancri  35**  perpendico- 

rivdown. 

K I  Eridani  perpendicularly 

Hbekm/I  Un.  Maj.  through 
•  Dracoois  almost   to  ho 

My  down  from  Bootes, 

^fcaltl5•to5^ 

L 


k 


Meteor.. 
Meteor.. 


L.ik 

■  8  Can-Vcnatici ;  took  a 
P*ewhat  wavy  course  to- 
p^m  Leonis ;  when  nearly 
•jr^iLeonis  it  disappeared 
p*  or  6*,  then  reappeared 
Jjwie  colour ;  it  finally  dis- 
pyorad  at  Regulus. 


Many 


t:=:::::::::::;;:::::: 

yCcpbci,tooka  downward 
Pne.  paaed  over  i'Cephei, 
»*»  diminished  in  bright- 
gittd  disappeared  5°  to  6** 


Issued  from  Pleia- 
des. 
Meteor 


Darlington 


J.  Graham,  Esq. 


Beerbhom,  India  Corres] 
Bombay 


»ndentto 
Dr.  Buist. 


Ibid... 


Highfield  House 

Ibid 

Bedfordshire   ... 
Rose  Hill,  Oxford 


E.  J.  Lowe,  Esq. 

Id. 

Mr.  Maclean 

Rev.  J.  Slatter... 


Ib?d... 

Uckfield  

Highfield  House 

Cardington,  Bed- 
fordshire. 
Highfield  House 


Ibid 

Ibid 

Rose  Hill,Oxford 


Huggate,  near 

Pocklingtou. 

Bombay  


Id 

C.L.  Prince,  Esq. 
E.  J.  Lowe,  Esq 

Maclean,  Esq, 

E.  J.  Lowe 


Letter.    See  Ap- 
pendix, No.  26. 
Correspondent  to  Appendix,  No.  22. 


Caifraria ; 
Lat.  30'*  40'  S., 
Long.27°30'E. 

Uckfield  

Thame,  Oxon  ... 

Highfield  House 


A.  S.  H.  Lowe, 

Esq. 
E.  J.  Lowe,  Esq. 

Rev.  J.  Slatter... 


Rev.  T.Rankin., 


Mr.  Lovre's  MS. 


See  Appendix, 

No.  19. 
Ibid.  No.  20. 


Ibid.  No.  21. 

Mr.  Lowe's  MS. 

B.  M.  S.  Report. 
MS. 

B.  M.  S.  Report. 

Ibid. 

Mr.  Lowe's  MS. 

Ibid. 

Ibid. 

Mr.  Lowe's  MS. 


MS.  com. 


Dr.  Buist. 
Lieut.  Gawler . 


Appendix,  No.  30. 


C.  L.  Prince,  Esq.  B.  M.  S.  Report. 

W.Johnson, Esq.  Ibid. 

A.S.H.Lowe,Esq.|Mr.  Lowe's  MS. 
Grantham,  Line.  J.  W.  Jeans,  Esq.' Ibid. 
Ibid 'Id Ibid, 


St.  Ives,  Hunts .. 

Thame,. Oxon  ... 
Aden    


Grantham,  Line. 


J.  King  Watts, 

Esq. 
W.Johnson, Esq, 
Correspondent 

to  Dr.  Buist. 
J.W.Jeans,  Esq. 


Communicated  to 
Prof.  PowelL 

B.  M.  S.  Report. 

See  Appendix, 
No.  10. 

Mr.  Lowe's  MS. 


(Joogle 
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Datei 


Hoar. 


Appeanneeor 
magnitiide. 


BrightneM 
andooloor. 


Tnia  or  ipaikt. 


Ydodcjcl 


1851. 
April      5 


h  m 

8  26  p.111. 


«  4th  mag.  star  imtfl 
it  pasted  20  Argiis 
NaTis,  when  it  in- 
creaied  and  lur- 
passed  ^. 


bluer 


At  first  a  single  line 
sparks ;  afterwarda 
increuing    nnmber 


oi]DiiratioB  ti 
▼aniili 
dealy. 


20 
24 

27 


8  &3  p.m. 

During  half' 

hoar  aboot 

10  p.m. 


■itoProcyon 


10  20  p.m. 

(O.M.T.) 

10  o*clock 
10    5  p.m. 

(O.M.T.) 


10    5  p.m. 

(O.M.T.) 

10    5  p.m. 
(o.M.T.) 


10    5  p.m. 

(O.M.T.) 


10    5*  p.m 

(O.M.T.) 


10    5  p.m. 
(g.m.t.) 


Numerous  meteors ; 

some  at  9  or  1^  ; 

most  small. 
Meteoric  shower.... 
Gradoallj  brightening 

tiU  -1st  mag. 
A  splendid  meteor 


^sizeof  C 


■  to  Sirios; 
orange-red* 


Abundance  of  streimtt 
which  rapidly  Tanishcd. 


OuratiflBO-ii 


Notrdn 


(Account   similar 

that  above.) 
I  size  of  C  


to 


not  B^C 


Nearly  i  fiiU  moon, 
illuminating  the 
whole  horizon,  like 
daylight 


Intense;  it  was 
surrounded 

Sbv  rich  pur- 
e  f^ng 
to  blue, 
then  roach 
orange,  and 
lastly  Ught 
yellow. 


.   considerable   train 
light  yellow  light. 


offton  4i 


So  brilliant, 
that  distant 
objects  were 
as  distinct  as 
in  the  day. 

Bright  blue 
when  it 
burst ;  com- 
pared  to  that 
of  a  lucifer 
match. 

=  *of  (t's. 
Bluish  red ; 
did  not  in- 
crease or  di- 
minish* 


Surrounded  by 
a  rich  purple 
lighf,  suc- 
ceeded by 
blue,  orange 
and  yellow, 


When  it  burst  sparks  were 
seen  to  drip  from  it. 


Sparks  very  blue.. 


ContinoottS  train  left  be- 
hind ;  the  meteor  broke 
into  sparks. 


Yellowish  train,  disappear- 
ed in  sparks ;  no  noise. 


3  sees. • 


Velocity  ooosil 
able,  Tiz.  4 


*  10^  5"  was  the  eiact  o.m.t.,  ilthoa^  tk  OU 
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Direction  or  altitude. 

Oeneial  remarks. 

Place. 

Observer. 

Reference. 

m  29  Monooerotis,  near  20 

Highfldd  House 

E.  J.  Lowe,  A.  S. 

Mr.  Lowe's  MS. 

ftigds  Navis,  to  •  Pyzis-nau- 

H.Lowe,  Esq., 

kice;  it  disi^peared  instantly 

and  S.Watson, 

)D  attaining   its   maximum 

Esq. 

}rigbtne8a ;  point  of  first  ap- 

xarance  JR.  8*  1",  N  P.D. 
ST  33' ;  point  of  disappcar- 

nce    M,   8^  36",    N.P.D. 

5^14'. 

m  t  Hydne,  7®  perpendicu- 

Aurora  Borealis  at 

Highfield  House 

E.  J.  Lowe,  Esq. 

Ibid. 

any  downwards. 

the  time. 

Bombay  and  Co* 
lapoor. 

[Dr.  Buist. 

[No.  24. 

^, 

Same  as  last? 

Caunpoor 

Correspondent  to 

See  Appendix. 

m  3(K  below  CapeVla,  nearly 

Rose  Hill,  Oxford 

Rev.  J.  Blatter... 

MS. 

mE.toW 

Nottingham 

Correspondent. 

Journal. 

len  first  seen  alt.   70^   in 

Suddenly  a  blaze  of 
soft  yeUow  light 

Durham  ..«*..... 

A  friend  of  Rev. 
Prof.    Cheval. 

Prof.  ChevaUier'a 
letter  to  E.  J. 

)r.N.W.,  and  moved  gradn- 

overspread     the 

net. 

Lowe. 

Bg  neaiiy  due  north. 

country;  the 
light  seemed  to 
fall  gently  on  the 

ground   and    to 

run  along  it;  lis- 

tened for  sound 

of  explosion,  but 

heard  none. 

Bishopwear- 

Correapoudent... 

Ibid. 

mouth. 

umeared  near  the  zenith  in 
I.W.,  and  moved  towards  N. 

Very  favourably 
seen  from  a  hUl 

Ksh  

Id 

Ibid. 

frohably  it  was  nearer  the 

side;  no  noise 

anith  than  at  Durham). 

heard,   although 
listened  for,  for  a 
few  minutes. 

LE.  movinff  to  N.W 

Alden  Grange  (2 
mUes  W.  of 

Id 

Ibid. 

■        -  •     ^"W^TTaBBm       V^#      A^«     VV    *••••#•■*• 

Durham). 

It  attracted  by  a  light;  on 

Tliefragmentswhen 

Beeston(islmile 

Rev.  M.  H. 

Mr.  Lowe's  MS. 

oning  ronnd  it  was  seen 
«sr   1   and    2  CassioprtiaR, 

it  burst  were 

exactly    S.W. 

Ricketts. 

prismatic ;  no 

of  Highfield 

Msed  through  #,  and  ended 

noise  was  heard 

House). 

t  I  Cassiopeia.     Positions 

though    listened 

rtien  first  seen,  ill.  23'»  30", 

for. 

I.P.D.32*';  when  it  exploded, 

R.  6k  20-,  N.P.D.  50O  40'. 

.at first  about  70** in  \V.N.W. 

Durham  and 

Several  observers 

Communication  to 

Mrtng  towards  N. ;  another 

neighbour- 

Prof. Chevallier. 

"bscrver  saw  it  first  in  S,E., 

hood. 

Appendix,  No.  9. 

hen  moved  to  N.W. 

livai  at  10»  30-,  «iid  Oaiaaborongh  lO**. 
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Date. 


1851. 
April    27 


29 
May      8 

28 


h  m 
10    5  p.m. 


10  10p.m.  ± 

(O.M.T.) 

10  30  p.m. 

10    0  p.m. 
10  20  p.m. 


Hoar. 


Brilliant 


Large  meteor,  pear- 
shaped. 
Large  as  a  cricket-ball 

[? 

Small  

Large  meteor , 


10  18  30' 


10    3  p.m. 


31 

June  2 
20 
22 


July       2 


Appearance  or 
Magnitade. 


Uke  a  ball  out 
of  a  Roman 
candle. 

Brightness  a 

mom.  nearly. 

Light  =  C  . 


=2nd  mag.  star  . 


Large  meteor 


10  40p.m.  ± 

(O.M.T.) 

10  35p.ra.db 

(O.M.T.) 

11  30  p.m. 
9  30  p.m. 


11       p.m. 
9  40  p.m. 


9  35p.m.  ± 

(o.M.T.) 

9  35p.m.  ± 

(O.M.T.) 


«c4th  mag..... 
s4th  mag.  .... 
Large  fire-ball . 


Ball  nearly  s  ]>  , 


Brilliant  fire-ball.. 
» Ist  or  2nd  mag. 


=  2nd  mag. . 
s 2nd  mag., 


Brightness 
and  colour. 


Train  or  spariES. 


No  train 


Large  stream  of  fire 


Brilliant  and 
white. 

■2nd  mag.; 
colour 
white.  • 


None 


White 


Red 


Whitish  red ; 
appeared 
near. 


Behind  it  left  a  streak, 
which  disappeared  al- 
most instantaneously 


SOseea. 
Rapid 
DnraftioB  3aMk« 


None 


No  train 


Leaving  a  thread  of  light.. 

Waring  luminous  streaks 
remained  after  disap- 
pearance. 


Velodtyer 
duration. 


--1 


Rapid 


^ 


Stream  60°  long 

Continuous  train  of  light.. 


Scintillation.. 


3  or  4  mia-si^ 
pated  al<lw]^  ' 
7  minutca    ....^ 


Slowly;  1  see. 


isec 
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IHrection  or  altitnde. 


General  remarks. 


Place. 


Observer. 


Reference. 


■I  S.E.  towarda  N.W.,  hori- 
ontaUj.  . 

■D  elerfttion  from  N.  to  N.W. 


B  N.B,  to  N.W. 

pendicolarly  down  in  S.W. 


m  X  ttut>ugli  ^1  between  y 
adl  (being  30*  dist.  of  X), 
''B.  of  «,  ll<»E.of;,£iiding 


mvf  neftr    and  to  N.  of  n 
JnaM^ioria. 


HB  near  ^  Ophhichi  to  12°  W. 
af  wOphiuchi. 

I  claws  of  Scorpio 


iIMphiiniatoUnaMAJ.. 
iW.toE 


i  at  45"*  to  S. ;  from 
AictoniB  through  20^. 

P  B.  of  Altair  to  lO"*  below  it 

P  B.  of  Aftau- to  about  10°  be. 
low  it. 


So6n  exploded  with 
a  hisaonff  noise. 


Issued  from  below 
Jupiter  and  near 
him. 

Moved  over  a  great 
space,  perpendi- 
cularly  upwarda. 
Point  vi/hen  first 
seen,  JR.  X*  2", 
Dec.  48'  3(K  N 
point  of  disap- 
pearance, JR, 
XIIP  14-,  Dec. 
51°  N. 

Issued  from  be- 
tween two  clouds 
and  had  a  singu- 
lar appearance  by 
falling  perpendi- 
cularly down  the 
face  of  a  dark 
cloud  until  it 
vanished. 


Saint  Ives, Hunts 


Rounded  on  the  ad- 
Ytndng  side. 

Assumed  a  di- 
spersed form, 
threw  out  red 
balls  and  disap- 
peared. 


Nottingham, 
near  Trent 
Bridge. 

Near  Oxford 


OUerton 


W.  B.  Carter, 
Esq. 

Statement  to 

Rev.J.Slatter. 
Correspondent... 


Highfield  House 
Saint  Ives,  Hunts  J. 


Deeston  (1  mile 
S.W.  of  High 
field  House). 


Rose  Hill,Oxford  Rev.  J.  Slatter.. 
Ibid. 


Kilkenny  House, 

Bath. 
BeliiBst 


£.  part  of  London 

Highfield  House, 
Nottinghi 

Rose  Hill,Oxford 


Ibid.. 


A.S.H.Lowe,Esq. 
"  King  Watts, 
Esq. 


E.  J.  Lowe,  Esq. 


MS.  of  E.J.  Lowe. 


MS. 

Nottingham  Re- 
view. 

Mr.  Lowe's  MS. 

Communicated  to 
Prof.  PowelL 

Mr.  Lowe's  MS. 


J.  King  Watts, 
Esq. 


Communicated  to 
Prof.  Powell. 


Id. 


Lieut.  R.  W.  H. 

Hardy,  R.N. 
J.  Cameron,  Esq, 


W.  Frost,  Esq.... 

E.  J.  Lowe,  Esq. 

and  F.  E. 

Swann,  Esq. 
Rev.  J.  Slatter... 


Id. 


MS. 

Ibid. 

See  Appendix, 
No.  23. 

Letter.    See  Ap- 
pendix, No.  31. 


Letter.  See  Ap- 
pendix, No.  30. 

Communicated  by 
Mr.  Lowe. 

MS.  com. 

Ibid. 
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APPENDIX, 

CfmtaifUng  details  from  the  original  Communications  of  the  above  Observations 
made  to  Prof.  Powell, 

No.  1. — Note  from  Mrs.  Dixon. 

A  Meteor  seen  at  Ventnor,  Isle  of  Wight,  Monday,  September  4,  1848,  abott 
9  o'clock  P.M. — *•  I  waa  sitting  out  of  doors  when  the  whole  view  was  sud- 
denly illuminated  as  brightly  as  by  the  full  moon,  the  light  being  rather  lurid. 
On  looking  S.W.  by  W.  at  the  altitude  of  about  5(f,  I  saw  a  vivid  ball  of  fire 
about  two-thirds  the  diameter  of  the  moon,  just  bursting  vertically  in  half, 
scattering  bright  sparks  of  various  sizes  in  all  directions,  and  one  large  body, 
about  one-third  the  size  of  the  whole  meteor,  fell  rapidly  towards  the  earUi, 
bearing  a  little  south,  leaving  a  luminous  track.  As  it  fell  it  became  less 
bright  and  defined ;  when  it  had  fallen  about  25^  it  again  burst,  scattered 
itself,  and  was  dissipated :  three  minutes  at  least  must  have  elapsed  before 
the  luminous  track  and  all  the  bright  sparks  had  disappeared.  I  heard  much 
the  same  account  of  the  meteor  as  seen  in  Hampshire,  nearly  forty  miles  to 
the  west,  and  in  Sussex,  forty  miles  to  the  east  of  Ventnor. 

"  On  the  same  evening  there  were  several  falling  stars  in  other  parts  of  the 
heavens,  more  (as  far  as  I  remember)  to  the  south,  but  I  have  no  memoran- 
dum of  the  point  of  the  compass.  „  a  ^  „ 

No.  2. — A  Letter  to  Prof.  Powell  from  E.  J.  Lowe,  Esq. 
•*  My  dear  Sir, — Mr.  Lawson  has  been  kind  enough  to  forward  the  follow- 
ing account  of  a  meteor  seen  by  W.  H.  Weekes,  Esq.,  at  Sandwich,  in  Kent, 
of  which  I  send  you  these  particulars. 

*•  Yours  truly, 

••  E.  J.  LowK. 

"  *  1850,  February  5.  G*»  50"»  (clock  time).  My  attention  being  fixed  upon 
Orion  (a  greyish  haze  prevailing  at  the  time),  I  observed  a  speck  of  dull  light 
commence  at  a  point  little  west  of  that  splendid  group  of  stars,  at  an  altitude 
of  28°  30'  above  the  horizon.  I'he  light  went  on  increasing  rapidly  in  mag- 
nitude and  intensity,  continuing  stationary  the  while,  and  glowing  through 
the  thin  grey  mist  like  a  moderately  red-hot  iron  ball,  until  it  had  acquired 
an  apparent  diameter  equal  to  at  least  one-third  that  of  the  full  moon,  when, 
without  any  noise  of  an  explosion  being  heard,  it  suddenly  burst,  the  main 
body  taking  a  slow  rectilineal  motion  parallel  to  the  horizon  and  to  the  east- 
ward ;  the  instant  when  the  motion  of  the  meteorolite  commenced  many  large, 
glowing,  red  fragments  were  thrown  off  in  various  directions  from  tlie  centre, 
and  a  brilliant  shower  of  variegated  fire  dec?cended  per])endicularly  towards  the 
earth.    So  beautiful  was  it  that  it  resembled  the  coloured  rain  from  a  sky-rocket 

"  'The  following  characteristics  are  remarkable: — 

'•  •  1st.  It  formed,  or  at  least  appeared  gradually,  at  a  stationary  point  in  the 
sky,  and  from  the  moment  it  first  became  visible,  until  it  burst  and  took 
motion,  the  period  was  1  minute  45  seconds. 

"  '  2ndi  The  motion  of  its  maiij  body  was  so  deliberate  that  it  lasted  45  sees. 

'• '  3rd.  At  the  place  of  its  gradual  formation  the  appearance  of  a  luminous 
disc,  equal  to  1°  in  the  heavens,  was  left  after  it  took  flight,  which  luminous 
disc,  with  the  line  of  its  flight  to  the  eastward,  and  also  the  course  of  its  de- 
scending coloured  rain,  though  all  of  them,  gradually  decreasing,  continued 
visible  fully  3  minutes  after  the  primary  body  had  disappeared.' 

•*  Perfect  reliance  may  be  placed  on  these  observations,  and  especially  on 
the  duration  of  time  elapsed  between  each  feature,  as  Mr.  Weekes  has  been* 
accustomed  to  count  seconds  in  bis  astronomical  observations^" 
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No.  3.— Note  from  Mrs.  Smyth  to  Prof.  Powell.     .  *  - 

-  Port  Madoc,  Camarvonshire,  3 13th  Aug.  1850. 

"  Aboat  a  quarter  past  11  p.m.,  looking  eastward,  we  saw  a  meteor  rush 
horizontally  towards  the  south,  leaving  a  long  bright  streak  behind  it. 

"  First  seen  below  ft  Aquilae  and  ended  above  Fomalhaut. 

"  The  Pleiades  had  just  risen  above  the  peak  of  Cynicht  to  the  N.E.  The 
night  was  splendid.  "  A.  S." 

Note  to  Capt.  Smyth.  **  ColliDgwood,  16th  AaguBt,  1850. 

"  Of  75  meteors  we  saw  in  about  an  hour  or  an  hour  and  a  half,  on  the 
night  of  the  9th,  only,  4  or  6  did  not  emanate  from  a  point  somewhere  near 
fi  Camelopardali.     It  clouded,  and  the  lOth  was  bad.'* 

No.  5.— Letter  to  Prof.  Powell  from  Mr.  Boreham. 

"  Haverhill,  Aug.  17, 1850. 

•*  Dear  Sir, — I  beg  to  forward  you  a  rough  diagram,  made  by  Mrs.  W.  W. 
Boreham  on  the  night  of  the  11th  of  August,  of  the  approximate  paths  of 
55  shooting  stars  observed  by  her  from  9^  IS"'  till  1 1  o'clock  on  that  evening. 

"  Forty  were  observed  on  the  night  of  the  9th  from  9*^  30°^  to  1 1  o'clock. 

"  The  course  of  that  headed  1  m  ought  to  have  been  placed  a  little  more 
westward,  but  I  send  the  diagram  uncooked. 

•'  I  am,  dear  Sir,  yours  most  truly,  Wm.  W.  Bobbham." 
'*Rev.  Prof.  B.  Powell,  *(?.  *(?.,  Oxford," 

Approximate  directiofu  of  55  Meteors  observed  at  Haverhill,  by  Mrs.  Boreham, 
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No,  4.— Letter  to  Prof.  Powell  from  Rev.  J.  Irwin. 

"  Vicarage,  Steeple  CHaydon,  Aug.  2D,  1850. 

"  Sir,— -In  reply  to  your  communication,  I  beg  to  say  that  the  shower  of 
shooting  stars  I  saw  on  the  night  of  the  l*2th  of  August,  at  about  20  minuta 
before  12,  was  not  in  the  south-western,  as  misprinted  in  the  *  Times/  but  ifi 
the  south-eastern  horizon,  a  little  to  the  eastward  of  south.  I  was  walking 
home  with  some  friends  on  that  night,  and  our  attention  was  attracted  by 
the  beauty  and  brilliancy  of  several  of  these  meteors,  which  we  observed, 
each  exdedming  '  How  beautiful !  I  never  saw  anything  like  that  ;*  but,  a' 
the  period  I  have  mentioned,  there  was  a  perfect  shower  of  them,  all  issuing 
OS  it  seemed,  from  the  same  tract,  and  taking  nearly  the  same  direction  to 
wards  the  horizon,  above  Ivhich  they  were  but  a  very  few  degrees,  I  caimot 
state  with  accuracy  how  many.  It  seemed  to  us  something  like  the  finale 
of  a  display  of  fireworks,  if  one  could  conceive  them  taking  the  same  direc* 
tion  instead  of  diverging  at  all  points. 

*'  I  remain,  yours  faithfully, 

"  JoHK  J.  Irwin/' 

*'  Toronto,  Canada,  Oct.  ISth. 
No.  6. — **  Curious  Meteoric  Phenomenon, — On  Sunday  evening,  about  six 
o'clock,  a  very  brilliant  meteoric  ball  darted  forth  from  the  zenith,  and 
descended  about  half-way  towards  the  horizon.  It  then  burst  as  if  it  had 
been  a  rocket,  displaying  all  the  varied  and  beautiful  shades  of  the  rainbow. 
The  sky  at  the  time  was  clear  and  cloudless,  the  stars  were  shining  prettily, 
but  the  dazzling  glare  of  the  meteor  seemed  for  the  moment  to  throw  them 
into  the  shade." — Globe,  Oct.  19,  1850. 

No.  7.— Letters  from  Mr.  G.  A.  Rowell, 

"  Alfred  Street,  Oxford,  Dec.  2, 1850. 

"  Rev.  Sir, — On  Friday  evening,  November  23,  about  half-past  seven 
o'clock,  I  was  on  the  Woodstock  road,  a  little  north  of  the  Observatory, 
when  I  saw  a  very  beautiful  meteor  in  the  westward ;  it  descended  at  a 
moderate  pace,  through  about  15^  of  space,  almost  in  a  perpendicular  direc- 
tion, bu^  a  little  towards  the  north.  It  appeared  about  double  the  diameter 
of  Venus  when  at  her  brightest,  was  of  a  bright  white  or  bluieh  colour,  and 
left  behind  it  a  brilliant  train  which  was  distinctly  visible  throughout  the 
whole  space  through  which  the  meteor  had  passed,  for  full  six  seconds,  llie 
meteor  did  not  seem  to  explode,  but  disappeared  at  a  point  exactly  between 
the  two  stars  a  and  y  Aquilse. 

"  The  same  evening,  about  nine  o'clock,  a  large  meteor  was  seen  descend- 
ing also  nearly  perpendicular  in  the  west.  7'his  was  observed  by  a  person 
in  the  Town  Hall  during  the  lecture,  and  must  have  been  bright  to  attract 
the  attention  from  a  room  so  lighted. 

**  Again,  about  half-past  eleven  o'clock  the  same  night,  my  wife  was  sitting 
by  the  fire  with  a  lighted  candle,  when  she  was  startled  by  a  bright  light, 
and,  looking  up,  saw  a  very  brilliant  meteor  pass  the  window  from  west  to 
east,  almost  in  a  horizontal  direction,  but  rather  downwards.  This  meteor 
was  seen  by  a  very  inteUigcnt  person  in  St.  Clement's,  i^ho  noticed  its  course 
with  regpcct  to  certain  Etars,  and  can  point  cut  the  direction.  It  was  also 
noticed  by  several  of  the  night-police  men,  and  all  describe  it  as  having  the 
appearance  of  a  Roman  candle  of  a  bright  bluish  tint. 

"  My  wife  had,  previously  to  this  evening,  told  me  of  a  very  bright  meteor 
about  a  quarter  past  ten  o'clock  on  thfe  night  before,  i.  e,  the  2fcth,  not  so 
large  as  the  one  on  the  29th,  but  veiy  much  more  so  than  usual. 
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"  I  take  the  liberty  of  troubling  you  with  these  particulars,  as  it  seems 
extraordinary  that  so  many  large  meteors  should  appear,  when,  at  the  same 
time,  very  few  shooting  stars  were  to  be  seen,  as  I  was  watching  one  or  other 
part  of  the  heavens  on  Friday  evening,  from  seven  to  nine  o'clock,  and,  ex- 
cepting the  one  described,  did  not  catch  sight  of  any  other,  although  the 
night  was  very  desr. 

"  1  am.  Kev,  Sir,  your  obedient  Servant, 

••  G.  A.  ROWELL.'* 

"  Alfred  Street,  Dec.  6, 1850. 

•*  Rev.  Sir, — Last  night  I  saw  another  bright  white-coloured  meteor,  about 
=Venus ;  it  descended  from  somewhere  about  6°  or  8°  east  of  Saturn,  in  a 
straight  line  a  little  towards  the  east  of  the  perpendicular;  its  pace  was 
moderate,  and  it  left  very  little  train.  My  view  of  it  was  rather  imperfect, 
but  I  think,  from  the  point  at  which  it  started  to  that  of  its  disappearance,  it 
could  not  be  less  than  25°.  There  were  very  few  shooting  stars  last  night ; 
I  only  saw  one,  at  about  half-past  nine  o'clock ;  it  was  small,  and  passed 
with  great  velocity. 

"  There  w*as  not  the  slightest  appearance  of  an  aurora  during  both  even- 
ings, and  I  have  only  seen  the  aurora  twice  for  some  months  past,  and  on 
both  occasions  I  could  not  see  one  shooting  star.  I  beg  to  suggest  that  it 
would  be  well  if  parties  noting  their  appearance  would  notice  whether  there 
be  an  aurora  during  the  time  when  there  are  many  shooting  stars,  or  during 
an  aurora  if  there  be  many  meteors. 

"  I  am.  Rev.  Sir,  your  obedient  Sei*vant, 

"  G.  A.  RcJWELL." 

No.  8.— Letters  from  the  Rev.  T.  Rankin. 

**  Huggate  Rectory,  near  Pocklington,  Dec.  12, 1850. 

"  Dear  Sir, — On  the  evening  of  Monday,  the  9th,  when  coming  home 
from  a  neighbouring  village,  with  Ursa  Major  directly  before  me,  shining 
with  great  splendour,  a  large  luminous  meteor  made  its  appearance  in  the  tail 
of  Ursa,  and  moved  nearly  parallel  with  the  body,  then  made  a  curved  motion 
below  the  pointers,  and  disappeared  about  10°  above  the  horizon.  The  ap- 
pearance was  most  brilliant ;  the  tail  was  fan-shaped,  about  double  the  length 
or  size  of  the  body,  which  might  be  four  times  the  size  of  either  of  the 
pointers.  Before  it  disappeared  the  tail  separated  in  a  number  of  scintiUse. 
llie  evening  was  very  clear,  but  a  thick  haze  of  about  10"  edged  the  horizon. 
The  day  had  also  been  calm  and  clear.  At  the  time  of  the  appearance  the 
thermometer  stood  at  31°;  barometer,  30*  12;  wet  bulb  of  the  hygrometer 
2°  below  the  dry  (the  motion  was  N.E.).  Having  expressed  a  wish,  in  your 
Report,  for  communications  upon  the  occurrence  of  meteors,  I  tal^e  the  plea- 
sure of  forwarding  the  present  account ; 

'*  Remaining,  dear  Sir,  yours  very  truly, 

"Professor  Powell"  "  Thos.  Rankin." 

'<  Huggate  Reciory»  near  Pocklington,  Jan.  23, 1851, 
"  Dear  Sir,—  On  looking  over  my  meteorological  memoranda  for  the  last 
year,  I  find  that  on  the  evening  of  October  9th  there  appeared  some  common 
shooting  or  falling  stars.    There  was  at  the  same  time  some  faint  aurorte. 
Barometer  29*58 ;  thermometer  42°.     The  moon  in  her  5th  day. 

"  I  do  not  know  whether  you  observed  the  singular  appearance  of  the 
moon  in  her  8th  day  on  the  evening  of  September  14th.  It  resembled  a 
capital  D  with  a  flat  bottom.  The  southern  and  eastern  sides  formed  a 
right  angle  ^ .  I  thought  at  first  that  some  optical  illusion  had  caused  the 
appearance,  but  having  viewed  her  through  some  lenses,  I  found  that  the 
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appearance  was  the  same  as  that  by  the  naked  eye.  I  repeated  the  examina- 
tion  at  different  times  for  more  than  an  hour,  with  always  the  same  appearance 
and  shape.  I  could  account  for  the  perpendicular  line,  but  not  for  the  hori- 
zontal, unless  it  had  been  the  shadow  of  a  huge  mountain.  Leaving  the 
matter  to  your  superior  judgment,  I  remain, 

"  Dear  Sir,  yours  very  truly, 
"  Rev.  B.  Powelir  "  Thos  Rankih." 

No.  9. — Extract  communicated  by  Prof.  Chevallier.  •*  May  1, 1851. 

"  Brilliant  Meteor, — An  unusually  bright  meteor  was  seen  at  Durham,  and 
in  the  neighbourhood,  on  the  evening  of  Sunday,  April  27,  at  10**  5"  p.m., 
mean  Greenwich  time.  It  was  particularly  noticed  at  Durham,  at  Bbhop- 
wearmouth,  and  at  £sh,  six  miles  w^est  of  Durham,  and  no  doubt  will  haTC 
been  seen  over  a  large  district  of  country.  The  following  account  is  gi\*ea  by 
a  gentleman  of  Durham,  who  observed  the  meteor  from  the  cross  road  which 
leads  from  the  London  road,  south  of  Durham,  towards  the  Grammar  School 
and  South  Street :  — 

"  '  It  was  a  clear  starlight  night,  when  suddenly  a  blaze  of  soft  yellow 
light  over8])rcad  the  country  for  some  distance.  The  light  seemed  to  fail 
gently  on  the  ground  and  to  run  along  it.  It  was  so  intense,  and  came  on 
so  suddenly,  that  I  was  startled  by  it.  One  or  two  seconds  must  have  elapsed 
before  I  discovered  the  cause.  This  proved  to  be  a  beautiful  meteor,  whidi 
seemed  to  be  about  a  quarter  as  large  as  the  moon  at  the  full.  It  was  sur- 
rounded by  a  rich  purple  light,  fading  into  blue ;  then  a  good  deal  of  orange; 
and  lastly,  a  light  yellow,  which  was  the  colour  of  a  considerable  train  which 
followed  the  meteor.  It  moved  with  considerable  rapidity,  and  was  visible 
for  four  or  five  seconds  after  I  first  discovered  it.  I  could  not  tell  whether  it 
vanished  into  the  air,  or  was  hidden  by  some  intervening  object ;  but  the 
impression  on  my  mind  was  that  it  hud  fallen  to  the  ground.  It  did  not 
appear  at  any  very  great  height ;  and,  indeed,  I  listened  for  the  sound  of  it 
falling,  which  I  thought  would  most  likely  be  heard  very  shortly  after  it  dis- 
appeared.' 

"  Upon  revisiting  the  place  where  this  observation  was  made,  and  comparing 
the  direction  in  which  the  meteor  passed  with  the  surrounding  objects,  it  ap- 
pears that  the  meteor,  when  first  seen  (which  was  some  seconds  after  its  light 
was  firs't  noticed),  was  at  an  altitude  of  about  70^  in  the  W.N.W.  direction, 
and  moved  gradually  towards  the  north,  disappearing  very  nearly  due  north. 

"  The  appearance  of  the  meteor,  as  seen  at  Bishop  wearmouth,  was  very 
similar. 

"  At  Esh,  the  meteor  was  seen  very  favourably,  the  pefson  who  noticed  it 
being  on  the  side  of  a  hill  quite  open  towards  the  north.  The  light  was  so 
brilliant,  that  distant  objects  were  seen  as  distinctly  as  in  daylight.  ITie 
meteor  was  estimated  to  be  about  half  as  large  as  the  full  moon ;  it  appeared 
near  the  zenith  in  the  north-west,  and  moved  towards  the  north.  When 
the  meteor  burst,  sparks  were  distinctly  observed  to  drip  from  it ;  but  no 
noise  was  heard,  either  at  the  instant  or  within  a  few  minutes  afterwards. 

"  From  the  first  description  it  appears,  pipbably,  that  the  meteor  appeared 
somewhat  nearer  to  the  zenith  at  Esh  than  at  Durham. 

••  Near  Alden  Grange,  two  miles  west  of  Durham,  the  sparks  falling  from 
the  meteor,  when  it  burst,  were  distinctly  observed,  and  appeared  of  a  bright 
blue  colour,  compared  to  that  of  a  lucifer  match.  One  person  there  observed 
the  meteor  first  in  the  S.E.,  moving  gradually  to  the  N.W. 

"  If  this  meteor  should  have  been  noticed  in  other  parts  of  Great  Britain, 
a  comparison  of  different  accounts  may  lead  to  a  knowledge  of  its  real  course. 

*'  Temple  Chevallier." 
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No.  10.— Extract  from  a  letter  from  Dr.  Baist  to  Prof.  Powell. 

"Meteors  seen  in  India  from  June  1850  to  May  1851. 
By  Dr.  Buist,  F.R.S.,  Bombay. 

"  Hie  following  notices  contain  amongst  them  a  list  of  meteors  which  have 
been  seen  in  India,  in  so  far  as  1  have  been  able  to  observe  or  to  hear  from 
correspondents.  The  list  does  not  in  all  likelihood  contain  a  hundredth  part 
of  those  that  have  been  noticed  by  Europeans,  or  a  thousandth  part  of  those 
that  have  been  visible  in  the  sky ;  nor  is  there  any  reason  to  suppose  that 
those  which  have  been  described  have  been  by  any  means  the  most  notable 
or  conspicuous.  In  India  we  have  probably  not  one  man»  at  an  average,  for 
every  thousand  square  miles,  who  thinks  of  making  a  note  of,  or  of  writing 
about  such  things ;  and  all  that  can  be  done  therefore  is  to  accept  of  such 
notices  as  we  receive, — drawing  no  conclusion  from  the  number  of  meteors 
described  as  to  the  number  or  magnitude  of  those  that  have  been  visible. 
As  the  attention  bestowed  on  such  matters  is  every  year  on  the  increase 
amongst  us,  I  am  disposed  to  ascribe  the  scantiness  of  the  list  to  a  deficiency 
of  meteors  visible  in  our  sky  rather  than  to  any  defect  in  the  number  of  ex- 
ertions of  the  observers.  I  have  myself  not  been  able  to  see  one-tenth  of 
what  I  have  been  accustomed  to  notice,  though  my  opportunities  of  observa- 
tion have  been  as  good  as  usual.  There  is  a  peculiarity  in  a  large  number  of 
the  meteors  I  have  observed  in  India,  which  I  do  not  recollect  to  have  seen 
noticed.  As  they  approach  the  termination  of  their  coiurse,  tiiey  begin  to 
shine  out  and  disappear  at  intervals  of  about  a  quarter  of  a  second,  present- 
ing the  appearance  closely  allied  to  that  of  a  disc  or  quoit  thrown  up  in  the 
air,  and  presenting  alternately  its  edge  and  iU  face  to  the  spectator.  This 
occurs  in  general  two  or  three,  occasionally  four  or  five  times,  before  the  ex- 
tinction of  the  meteor,  and  does  so  equally  whether  it  explodes  or  not. 

"  Of  this  list  one  aerolite  has  fallen  to  the  ground,  and  been  found,  and  for- 
warded to  the  Asiatic  Societ}''s  Museum.     A  second  has  without  doubt  im- 
pinged upon  the  earth,  but  has  not  yet  been  discovered.     It  was  seen  in 
bright  sunshine  ;  the  fragments  thrown  ofi^  alone  appeared  in  a  state  of  igni- 
tion ;  the  central  mass  appeared  black  as  it  fell  towards  the  earth,  as  if  not 
heated  to  redness  ;  and  this  most  likely  is  the  case  almost  always.    But  then 
at  night  when  meteors  are  generally  observed,  it  is  the  ignited  portions  that 
alone  are  visible.     One  meteor  left  a  long  train  of  hazy  light  behind  it, 
which  was  visible  for  nearly  twenty  minutes,  and  was  mistaken  for  a  comet 
by  those  who  had  witnessed  the  train  without  observing  the  fireball  itself. 
We  have  four  remarkable  instances  on  record  in  India  of  meteors  vanishing 
gradually  or  leaving  trains  of  light  behind  them  after  they  had  vanished : 
that  seen  in  Palmacottah  in  1838;  it  was  the  size  of  the  full  moon,  and 
seemed  to  remain  in  one  place  for  twenty  minutes,  when  it  grew  gradually 
fdnter  and  fainter,  and  then  disappeared ;  that  described  by  Capt.  Shortrede 
as  seen  from  Charka  in  1842,  which,  with  its  train,  was  nearly  five  minutes 
^ble;  that  seen  from  Calcutta  on  the  2nd  December  1825,  first  visible  as 
a  baU  of  fire,  then  in  the  shape  of  a  comet,  in  which  form  it  remained  for 
flevend  minutes,  when  it  vanished  y  and  that  described  by  Mr.  Orlebar  in  the 
Bombay  Observatory  Report  for  1846,  seen  on  the  7th  of  December,  and 
which  left  a  luminous  train  behind  it,  visible  for  several  seconds.     The  most 
notable  instance  of  this  sort  is  that  of  Jenny  Lind's  meteor  seen  from  Boston 
on  the  30th  of  September  1850,  and  which  was  visible  for  an  hour.    A  very 
brilliant  meteor  was  seen  at  Aden  on  the  1st  of  April.     We  have  no  par- 
ticulars regarding  it,  further  than  this,  that  it  was  mistaken  by  the  sentry  at 
the  Turkish  WaU  for  an  alarm  rocket,  and  that  he  discharged  his  musket 
sccoidiogly  and  gave  the  usual  notice,  when  the  whole  S^'^'^f^^j^^J^f^J^^le 
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moned  to  arms.  This  is  perhaps  the  only  meteor  on  record  that  caused  3000 
men  to  be  roused  from  their  slumbers.  Were  officers  in  conmiand  of  Euro- 
pean troops  in  India  to  direct  soldiers  on  duty  to  keep  watch  on  the  appear- 
ances of  the  sky,  a  vast  mass  of  information  on  nocturnal  phaenomena  might 
in  a  short  time  and  with  very  little  trouble  be  placed  in  our  possession.*' 

No.  12. — Meteor  of  2nd  May  1850,  observed  at  Bombay, — A  meteor  seen 
from  near  BycuUah  Church  on  the  2nd  of  May  seemed  due  east :  first  visible 
about  45°,  it  fell  nearly  20°  and  then  vanished  without  explosion.  It  v.-:.s 
nearly  pure  white,  increased  in  size  as  it  descended,  did  nut  librate,  and  left 
no  train  behind  it,  and  was  at  its  brightest  about  the  size  of  Jupiter. — G.  B, 

No.  \Z. --Meteor  of  \Qth  June  1850,  observed  at  Kishnaghttr. — "Td  the 
Editor  of  the  Morning  Chronicle, — Sir, — As  the  phsenomenon  I  am  about  to 
record  was  a  most  extraordinary  one,  I  hope  you  may  receiye  further  notices 
of  it.  Last  night  I  was  sitting  in  the  open  air  with  two  other  gentlemen  at 
about  twelve  or  thirteen  minutes  after  ten  o'clock,  when  a  most  beautiftd 
brilliant  meteor  appeared,  which  we  all  saw.  It  issued  from  the  heavens 
nCar  a  star  of  second  magnitude  about  midway  between  Scorpio  and  a  pUmet 
to  the  west ;  its  direction  was  very  nearly  from  south-west  to  north-east ;  it 
did  not  drop,  but  shot  rapidly  across  the  heavens,  appearing  to  increase  in 
size  and  brightness,  and  after  proceeding  a  considerable  dist^ce  (gaining 
rather  than  losing  its  splendid  brilliancy)  it  burst  and  numerous  luminooi 
particles  were  discharged  from  it.  About  a  quarter  of  a  minute  after  it  had 
so  disappeared,  and  while  we  were  expressing  our  wonder  and  admiration,  a 
distant  though  loud  rumbling  sound  commenced  and  reminded  us  of  r^- 
mental  file  firing.  At  first  we  thought  it  might  be  thunder,  though  there 
were  very  few  clouds,  and  they  were  only  near  the  horizon.  The  sound 
continued  for  certainly  half  a  minute,  and  we  had  time  to  receive  the  impres- 
sion that  it  followed  in  the  track  of  the  meteor,  when  the  sky  was  perfectiy 
clear  and  bright.  It  was  also  seen  by  natives  and  described  exactly. — 
J.  C.  Brown." 

<' Kishnaghur,  June  11, 1850." 

No.  14. — "Meteor  of  Ist  July  1850,  observed  at  Bombay, — On  Monday 
evening,  the  1st  of  July,  about  half-past  seven  o'clock,  a  beautiful  meteor 
was  seen  to  shoot  across  the  sky  from  south-east  to  north-west  for  a  distance 
of  about  20°,  when  it  exploded  about  70°  from  the  horizon,  bursting  with  a 
bright  flash  into  a  number  of  pieces." — Bombay  Times,  July  3. 

No.  15. — "Sir,— Did  I,  or  did  I  not,  see  a  comet  yesterday  (Nov.  6)  evening 
in  the  south,  about  15°  above  the  horizon  ?  It  was  about  a  degree,  or  per- 
haps two,  in  length,  pointing  towards  the  east.  Whatever  it  was,  it  was 
very  faint,  so  I  might  have  been  mistaken :  this  evening  will  decide  it. — E." 

«NoTember7." 

"  Sir, — I  know  not  whether  you  have  received  any  account  of  a  shooting 
star  which  I  saw  last  evening ;  if  not,  you  are  welcome  to  the  following  de- 
scription of  it.  I  was  walking  in  company  with  a  friend  on  the  terrace  of 
his  bungalow,  situated  on  Malabar-hill,  about  seven  o'clock  last  evening, 
when  our  attention  was  directed  towards  that  part  of  the  sky  from  whence 
proceeded  a  sudden  emission  of  intensely  bright  light,  and  we  found  it  was 
caused  by  a  large  meteor  which  shot  with  inconceivable  velocity  across  the 
heavens.  Its  course  was  from  north-west  to  south-east,  leaving  in  its  track 
a  luminous  train.  It  was  visible  about  three  seconds,  and  then  burst  into 
innumerable  stars  of  the  most  brilliant  colours,  very  much  resembling  a  laxgs 
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«ad  beautifttl  rocket.    When  first  seen  it  was  about  60^  above  the  horizon, 
and  passed  within  10^  to  the  north  of  Venus :  it  appeared  a  great  distance 
oflF,  and  was  doubtless  traversing  the  remote  regions  of  our  atmosphere,  as  it 
exploded  without  any  perceptible  noise  in  the  direction  of  Caranja,  and  at 
tliat  time  it  could  not  have  been  more  than  18°  or  so  above  the  horizon. 
The  most  singular  part  of  this  phaenomenon  was,  that  after  the  meteor  had 
burst  into  fragments,  it  left  a  stream  of  light  behind  about  10°  or  12°  in 
length,  and  for  a  time  it  strongly  resembled  the  tail  of  a  comet,  with  a 
nndeus  of  its  own  appended  to  it.     I  looked  at  it  through  an  inverting  tele- 
scope, and  could  plainly  perceive  a  small  bright  spot  like  a  star  of  the  second 
magnitude,  surrounded  as  it  were  by  a  luminous  vapour  or  cloud,     lliis  ne* 
bnlous  appearance  continued  visible  for  full  twenty  minutes,  when  it  gradu* 
ally  diminished  in  size,  became  more  and  more  indistinct,  and  at  last  vanished 
altogether.    The  earth,  it  is  well  known,  is  at  this  moment  travelling  through 
the  region  of  meteors  in  its  annual  orbit  round  the  sun,  and  now  is  &e  period 
in  fEust  when  our  globe  incurs  the  liability  of  encountering  streams  of  these 
shooting  stars ;  and  Sir  John  Herschel  informs  us  in  his  '  Outlines  of  Astro- 
nomy,' that  the  meteors  of  the  12th  to  14th  of  November,  or  at  least  the 
vast  majority  of  them,  describe  apparently  arcs  of  great  circles  passing  through 
or  near  y  Leonis.     No  matter  what  the  situation  of  that  star  with  respect  to 
the  horizon,  or  to  its  east  or  west  points,  may  be  at  the  time  of  observation, 
&e  paths  of  the  meteors  all  appear  to  diverge  from  it.     I  was  unable  last 
evening  to  prove  the  correctness  of  this  theory,  as  I  had  no  celestial  map, 
and  unfortunately  I  know  not  tlie  exact  position  in  the  heavens  of  y  Leonis, 
nor  the  constellation  in  which  it  is  placed,  but  this  could  be  easily  ascertained, 
and  I  shall  therefore  look  again  tonight  at  the  quarter  from  whence  this 
meteor  came  and  see  if  the  star  alluded  to  is  anywhere  near,  as  I  have  no 
doobt  Herschel  is  right.    We  should  now  be  on  the  qui  vice  every  evening 
for  these  interesting  phaenomena,  as  by  a  more  extended  series  of  observations 
a  greater  knowledge  might  be  gained  as  to  the  real  nature  of  these  singular 
though  beautiful  periodical  visitors.     With  hopes  that  you  will  excuse  this 
hasty  and  imperfect  sketch. — Astkr." — Bombay  Times,  Nov.  8. 
"  7th  November,  1850." 

"  A  Ck)rre8pondent  sends  us  the  following : — '  A  meteor  was  observed 
from  the  Esplanade  a  few  minutes  before  7  p.m.  on  Wednesday  evening, 
leaving  an  extraordinary  train,  traced  one- third  its  flight  midway  from  start- 
ing-point, and  continuing  in  view  all  the  time  we  remained  there,  say  15  mi- 
nutes. Had  our  attention  been  drawn  thereto  accidentally,  after  the  explo- 
sion of  the  meteor,  we  must  have  taken  it  for  the  comet  expected  in  July  last. 
Its  course  was  from  about  15°  S.W.  above  Jupiter  to  15°  due  south  above 
the  horizon;  most  brilliant  and  rapid  in  its  descent,  when  it  burst  into 
numerous  minor  lights,  much  in  the  style  of  artificial  meteors  or  sky-rockets, 
observed  before  from  the  same  position.'  " — Telegraph  and  Courier,  Nov.  8, 
1850. 

No.  16. — *' November  Meteors. — ^The  attention  of  several  observers  has  lately 
been  directed  to  the  heavens,  in  hopes  of  seeing  some  indications  of  those 
aimnal '  showers  of  felling  stars '  which  are  noticed  in  November.  Most  of 
them  appear  to  have  been  disappointed  in  their  expectations, — lost  their  sleep 
and  watched  in  vain.  Sublunary  affairs,  unsought  things,  often  fall  in  our 
way,  while  we  piursue  others  to  no  purpose.  By  chance  we  found  ourselves 
on  the  morning  of  the  14th  toiling,  not  up,  we  are  thankful  to  say.  but  down 
the 'many-winding  way'  of  the  Bhore  Ohaut  (the  mountain  pass  betwixt 
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Bombay  and  Poonah),  when  we  remarked  numerous  shooting  stars,  and,  n- 
collecting  the  period  of  the  year,  we  determined  to  count  them. 

"  In  the  course  of  one  hour,  from  5  to  6  a.m.,  thirty-eight  of  these  aerolita 
passed  across  that  part  of  the  sky  within  the  scope  of  our  vision,  and  one 
bright  comet-like  meteor,  almost  at  day-break,  was  alone  worth  the  defotkn 
of  a  whole  night's  watch  had  we  been  so  philosophically  indined.  Bat  is 
we  were  walking,  and  only  looking  in  one  direction,  it  is  probable  that  littk 
more  than  an  eighth  of  the  celestial  vault  was  under  observation :  it  is  not 
unreasonable  to  suppose  that  if  the  whole  had  been  embraced  at  least  200  of 
these  bodies  might  have  been  noticed.  It  is  also  probable  that  several  escaped 
our  attention,  which  was  now  and  then  required  for  other  purposes  than  star- 
gazing when  the  precipices  of  Khandalla  were  near. 

''  There  was  nothing  very  remarkable  in  these  aerolites,  unless  from  tbeir 
numbers.  Their  light,  or,  if  you  please,  combustion,  seemed  to  increase 
rapidly  as  they  dived  into  the  lower  strata  of  the  atmosphere,  and  finally  dis- 
appeared with  a  faint  explosion,  or  what  looked  like  it,  for  it  was  not  andiUe. 
Several  of  these  must  have  been  very  near  to  the  earth,  as  by  their  light  thej 
were  distinctly  seen  to  traverse  the  dark  shade  of  the  ravine  below  the  som- 
mits  of  the  mountains.  The  wind  was  easterly  at  the  time,  and  appeared  ts 
influence  the  course  of  these  astral  travellers,  which  was  generally  from  east 
to  west. 

"  The  most  interesting  object,  however,  was  a  large  and  brilliant  meteor, 
which  showed  itself  about  a  quarter  before  six,  rushing  from  north-west  to 
south-east,  almost  in  an  opposite  direction  to  that  followed  by  the  smaller 
asteroids,  A  sudden  blaze  of  light  illumined  the  sides  and  very  depths  d 
the  ravine,  and,  attracting  our  notice,  we  turned  round  and  the  <»use  was 
visible  enough.  A  dazzling  nucleus,  about  twice  the  apparent  diameter  of 
Jupiter  when  free  from  refraction,  with  a  tail  about  3^  in  length,  and  neaily 
as  luminous  as  the  head,  was  seen  sinking  behind  the  crest  of  the  Ghauts  oa 
the  Khandalla  side;  or  rather  I  should  say  it  inclined  downwards,  for  it  ms 
evidently  moving  rapidly  to  the  south-east,  and,  gradually  fading  into  a  pale 
reddish  light,  became  invisible,  not  by  a  sudden  coruscation  or  sign  of  ex- 
plosion, for  during  the  whole  time  that  it  was  visible,  about  six  seconds,  the 
nucleus  and  its  tail  retained  their  original  relative  proportions,  and  became 
indistinct  by  loss  of  their  luminousness,  or  from  entering  the  beds  of  aqneooi 
vapour  in  the  lower  part  of  our  atmosphere. 

"About  an  hour  afterwards,  on  meeting  a  fellow-traveller  who  had  also  been 
descending  the  Bhore  Ghaut  at  the  same  early  hour,  and  inquiring  if  he  had 
seen  the  meteor,  he  said  '  no  ! '  but  he  was  surprised  to  find  the  inside  of  his 
palanquin  suddenly  lighted  up  by  a  bright  but  transient  gleam. 

**  Even  the  brightness  of  Aurora's  '  golden  hair,'  rising  in  the  east,  was 
thrown  into  the  shade  by  this  brilliant  'stranger  darting  across  the  sky. 
Whether  there  was  a  'close  current'  or  an  'isolated  cloud  of  sulphur' 
resting  on  the  Khandalla  Ghaut  we  cannot  pretend  to  say ;  neither  are  we 
bound  to  show  from  whence  either  originated,  assuming  their  presence  at 
the  time.  Certainly  the  dismal  gloom  before  dawn  which  pervaded  the  deep 
chasm  among  the  Ghauts,  into  which  the  road  wends,  reminded  us  of  the 
entrance  to  that  nameless  region  once  visited  by  iEneas  and  a  few  others, 
famou.^  for  its  sulphureous  vapours." — Bombay  Tinies,  Nov.  24. 

No.  17. — *'  We  have  been  favoured  with  the  subjoined  account  of  a  meteor 
observed  at  Shorapore,  in  the  Nizam's  dominions,  on  the  morning  of  the  8tfa 
December : — *  Notices  of  meteors  always  appear  welcome  to  me,  and  I  beg 
to  add  my  mite  to  your  collection  this  year.  I  was  looking  at  y  Leonis  just 
before  daylight  on  the  morning  of  the  8th  instant ;  1  had  no  watch  to  note 
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the  exact  time,  when  a  bright  yellowish  glare  suddenly  illumined  the  tele« 
scope,  and  looking  up  I  was  in  time  to  follow  the  course  of  a  very  fine  me- 
teor, which  probably  appeared  somewhere  in  Leo,  and  had  passed  not  far 
from  the  field  of  the  telescope.  There  was  a  strong  glare  on  the  ground  as 
the  meteor  passed  on  in  the  direction  nearly  of  Arcturus,  a  little  below  which 
it  burst  into  a  number  of  brilliant  balls  and  sparks.  It  was  a  little  larger  ap- 
parently than  Venus  at  her  gieatest  brilliancy,  but  the  light  was  very  vivid 
while  it  lasted.  The  most  curious  thing  connected  with  it  was,  after  the 
burst,  the  sparks  or  dust  remained  apparently  in  the  same  spot,  or,  falling 
into  a  spiral  form,  preserved  a  bright  light  not  unlike  that  of  the  great  ne- 
bula in  Orion  as  seen  through  a  telescope.  I  put  the  telescope  on  the  spot 
instantly,  and  could  see  the  sparks  or  dust  slowly  descending,  some  sparks 
being  very  bright  indeed.  This  appearance  lasted  several  seconds,  and  when 
I  had  taken  my  eye  from  the  instrument,  there  was  still  a  nebulous  appear- 
ance in  the  sky,  which  however  gradually  faded.  It  is  probable  that  this  me- 
teor burst  not  very  far  from  the  earth.  The  telescope  was  a44-iuch  Dollond, 
with  a  power  of  120.  This  is  the  most  remarkable  meteor  I  have  seen  this 
year,  and  though  I  have  noted  several  others  of  remarkable  appearance  and 
'brilliancy,  yet  there  was  nothing  which  required  any  particular  mention  to 
you.  I  think  there  have  been  quite  as  many  small  meteors  or  Mling  stars 
this  year  as  I  remember  before,  buc  your  correspondents  and  yourself  have 
taken  ample  notice  of  them,  and  the  time  is  past  when  observations  are 
necessary/' — Bombay  Times,  December  1 8. 

No.  18. — •'  We  have  heard  of  the  fall  of  a  remarkable  aerolite,  which  took 
place  at  a  village  named  Sulker,  a  short  distance  from  Bissempore,  on  the 
30th  November  (1850)  at  3  o'clock  in  the  afternoon.  The  fall  was  accom- 
panied by  an  explosion,  said  to  have  resembled  that  of  a  cannon.  The  stone 
buried  itself  about  4  feet  in  the  ground.  On  being  extracted,  it  was  found 
to  be  3|^  feet  round  by  1^.  We  hear  that  Captain  Hannington  has  obtained 
possession  of  it,  and  that  it  will  be  forwarded  to  the  Asiatic  Society." — Ibid. 

No.  19. — **  We  have  received  from  a  friend  a  letter,  dated  Gamp  Beerb- 
hoom  district,  8th  January,  1851,  giving  the  following  description  of  a  me- 
teor, the  more  singular  as  seen  in  the  day  time : — 

'* '  A  meteor  of  surpassing  brilliancy  was  seen  this  morning  at  twenty  mi- 
nutes past  nine,  in  a  N.N.W.  direction;  its  elevation  when  first  observed 
was  about  25^  above  the  horizon;  its  appearance  was  that  of  a  brilliant 
electric  spark- coloured  ball  of  fire,  with  a  narrow  but  bright  train;  its  de- 
scent towards  the  earth  was  in  an  oblique  direction,  and  when  a  few  degrees 
from  the  horizon,  it  broke  into  a  thousand  brilliant  and  glittering  particles 
of  light,  from  amongst  which  a  darker  mass  was  seen  to  fall  towards  the 
earth,  the  glittering  pasticles  disappearing  and  reappearing  as  they  fell ;  or 
to  use  a  terrestrial  simile,  the  numerous  particles  of  light  looked  like  a  shower 
of  broken  glass,  or  a  highly  polished  metallic  surface  glittering  in  a  bright 
sonshine :  the  shower  lasted  a  few  seconds  only.  The  sky  was  cloudless, 
and  the  sun  shining  brightly;  thermometer  in  the  shade  67*^  Fahr.'" — 
Citizen,  January  11. 

No.  20. — January  lOth.  A  large  meteor  was  seen  at  half- past  one  o'clock 
Ml.  on  the  £.  by  N.,  as  observed  from  the  Esplanade.  It  first  appeared 
about  45®  from  the  horizon,  was  of  a  light  red  colour,  and  shot  downwards 
tod  northwards;  it  vanished  without  explosion  after  traversing  a  path  of 
about  15^.  It  increased  in  apparent  size  as  it  advanced,  and  left  a  long  line 
of  red  sparks  behind  it,  the  whole  extent  of  its  path.  These  did  not  appear 
to  change  their  position  for  some  time  after  the  disappearance  of  the  meteor ; 
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in  about  half  a  minute  they  dimmed  and  vanished.  They  were  of  the  Mme 
bright  red  hue  as  the  meteor  itself.  The  meteor  was  about  the  uze  of  tiie 
planet  Jupiter  at  its  brightest,  and  of  a  somewhat  deeper  tint  than  Mars. 

No.  21. — January  16th.  At  a  quarter  past  three  o'clock  a.m..  Dr.  Cole, 
Assistant-Qarrison-Surgeon,  on  returning  from  visiting  some  of  his  patients, 
saw  a  very  brilliant  meteor,  nearly  double  the  size  of  the  planet  Venus  at  its 
brightest,  shoot  along  from  E.  to  S.W.  It  appeared  to  be  about  18^  abo?e 
the  horizon.  It  was  followed  by  a  long  train  of  sparks,  which  disappeared 
almost  simultaneously  with  the  meteor.  It  vanished  without  explosion  or 
change  of  appearance. 

No.  22. — February  24tli.  A  large  meteor  was  seen  by  Mr.  Tiller,  roer* 
chant,  Bombay,  about  ten  p.m.  It  shot  across  the  sky  from  S.W.  to  N.B.. 
and  vanished  without  explosion. 

No.  23. — "  A  Correspondent  mentions  a  striking  and  very  beautiful  phe- 
nomenon, seen  from  Mazagon  about  ten  o'clock  on  Saturday  evening,  19tb 
April,  when  a  display  of  meteors,  following  each  other  in  succession,  appeared 
from  a  point  about  15°  above  the  north-eastern  horizon.  In  the  space  of » 
little  more  than  half  an  hour  about  twenty  were  observed ;  they  darted  across 
the  sky  in  all  directions :  some  of  them  shot  upwards ;  by  much  the  greater 
part  moved  towards  the  south  or  south- cast.  The  largest  of  them  were  about 
the  size  of  Venus  at  her  brightest,  and  so  down  to  mere  specks  of  light.  None 
of  them  were  observed  to  explode,  but  the  largest  of  them  left  long  trains  of 
light  behind  them." — Bombay  Times,  April  24th. 

No.  24, — '*  The  following  is  an  extract  from  the  letter  of  a  Cawnpore 
correspondent : — *  Your  paper  of  the  24th  ultimo  came  in  this  morning;  I 
have  intended  writing  you  several  days  past,  but  I  have  been  stirred  up  hj 
your  notice  of  the  meteors  at  Mazagon,  your  correspondent  states,  the  pre- 
ceding Saturday  [April  19].  We  had  here  the  precise  similar  beautiful  ph«- 
nomenon,  time  much  the  same,  but  your  correspondent  and  myself  differ  by 
twenty-four  hours,  as  I  have  noted  them  in  my  diary  on  Sunday  evening  as 
follows : — This  evening  from  eight  to  ten  p.m.  constant  meteors  flying  acron, 
chiefly  from  N.  towards  S.,  often  three  or  four  at  a  time.  The  largest  I  did 
not  see.  I  had  my  face  towards  N.,  facing  a  white  building,  when  suddenly 
the  WAole  was  as  bright  as  you  see  in  a  vivid  flash  of  sheet  lightning.  Bre 
I  could  turn  round  it  was  out  of  eight,  but  leaving  a  vertical  line  of  light, 
lasting  perhaps  ten  seconds,  from  Sirius  downward  as  far  as  I  could  see, » 
bungAlow  being  close.  This  was  the  only  vertical  one,  all  the  others  shoot- 
ing off  at  various  degrees  in  a  horizontal  direction,  but  all  from  N.E.  up  to 
N.W.,  not  towards,  as  all  had  a  southerly  direction.  Your  expressed  wish 
to  have  information  from  those  who  may  have  seen  the  phaenomenon,  induced 
me  to  take  up  my  pen.'  " — Bombay  Times,  May  16. 

No.  25. — *•  Meteoric  Showers  of  the  I9th  April, — We  extract  the  followiflg 
notice  from  a  Kolapore  letter,  of  a  magnificent  shower  of  meteors  witnessed 
there  on  the  19th;  the  same  phseuomenon  was  seen  at  the  same  hour  from 
Bombay,  and  was  described  in  our  paper  of  the  24  th ;  it  is  curious  that  no 
other  notice  of  an  appearance  so  striking  should  have  been  given  us,  though 
ten  p.m.  is,  we  allow,  a  bad  hour  for  out-of-door  observation  in  India : — *  f 
do  not  see  any  mention  made  of  the  appearance  elsewhere ;  but  on  looking 
out  about  half-past  ten  on  the  night  of  the  1 9th  April,  Sunday,  the  entire 
sky  to  the  north  was  seen  in  a  perfect  blaze  with  meteors  shooting  from  east 
to  west.  The  phaenomenon  lasted  about  five  minutes,  when  all  was  again 
still.'  "--Bombay  Times,  May  6. 
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No.  26.— Letter  from  the  Rev.  T.  Rankin. 

'*  Huggate,  near  PockliDgton,  Jane  23rd,  1851. 
"  On  the  evening  of  February  16th,  1851,  about  half-past  seven  o'clock,  a 
beautifully  shooting  star  descended  vertically  from  the  right-hand  of  Bootes, 
about  15^  above  the  horizon.  It  disappeared,  after  throwing  off  a  violet- co- 
loured veil,  in  a  haze  about  5°  above  the  horizon :  the  appearance  seemed 
about  five  miles  distant. 

"  I  remain,  dear  Sir,  yours  very  truly, 
"  Rev*  Professor  Powell."  "  Tho.  Rankin." 

No.  27. — Considering  the  great  interest  attaching  to  the  announcemez^t 
made  some  years  ago  by  M.  Petti t,  that  one  if  not  more  meteors  might  be 
actual  satellites  performing  regular  revolutions  round  the  earth,  it  seems 
surprising  that  so  little  should  have  been  done  by  observers  towards  verify- 
XDg  this  discovery  or  extending  it,  especially  as  the  opportunities  of  doing  so 
ought  to  be  perpetually  recurring.  As  possibly  connected  with  this  point. 
Sir  J.  Lubbock  has  kindly  communicated  the  annexed  list  of  meteors  ob- 
served in  past  years,  extracted  from  the  Annual  Registers.  (See  also  Astron. 
Soc.  Notices,  x.  94.) 

1758,  26th  Nov.    Edinburgh.  1764,  20th  July.     PhUadelphia. 

1759,  4th  April.     Bombay.  1765,  3rd  May.     Rome. 

1762,  11th  June.     Sydenham.  1765,  9th  August.     Greenwich. 

1763,  15th  January.     Reading.  1765,  8th  October.     London. 

1763,  2nd  September.     Sweden.  1765,  11th  November.   Frankfort. 

1764,  31st  January.     St,  Neots. 

No.  28.— From  a  Letter  to  Prof.  Powell  from  E.  J.  Lowe,  Esq. 

Meteor  seen  at  Kilkenny  House,  Bath,  by  Lieut.  R.  W,  H,  Hardy,  R.N, 
1851,  June  20th,  11^30°. 


^K  I^lphinaa 


No  cloudB  vinble.     It  moved  horizontally.     Apparent  size  =  a  large  fire- 
baHoon  at  a  distance  of  600  yards.  Rate  of  motion  about  thirty  miles  an  hour. 

*"*•  ^  Digitized^y  VJl^VJVlVL 


50  BBPO&T-*18ftl. 

Its  form  was  rounded  on  the  advandng  lude.  It  left  a  dsar  tlirefld  of  H^t 
as  bright  as  a  Hydrse  along  its  whole  course,  which  lasted  three  to  four  mi- 
nutes with  undiminished  brilliancy,  and  then  slowly  faded  away.  It  moved 
from  Delphinus  to  Ursa  Major.  Lieut.  Hardy  thinks  it  was  only  600  yaids 
above  our  earth.  "  This  is  a  mistsJce,  for  my  brother  saw  it  in  London,  bat 
has  not  unpacked  his  account  since  his  return/* — ^E.  J.  L. 

No.  29. — ^Letter  from  Dr.  Buist,  inclosing  extracts  from  the  '  Bombif 
Times.' 

"  Botabayi  27ih  kay,  1851 

"  Dear  Sir, — I  enclose  you  further  extracts  on  the  subject  of  the  meteoric 
shower  of  the  20th  April,  seen  all  over  India.  You  have  now  received  ac- 
counts from  the  following  places : — 

Lat.  Long. 

Bombay 18^58'  72°  88' 

Poena 18°  Stf  74°  02' 

Kolapore    15°  87'  73°  88' 

Cawnpore 26°  30'  80°  13' 

The  first  and  last  of  these  places  are  above  1000  miles  apart.  I  do  not  xt- 
member  ever  before  to  have  seen  notices  of  displays  of  this  sort  Tisible  over 
so  large  an  expanse  of  country.  We  must  see  and  get  soldiers  on  duty  to 
make  observations ;  a  word  from  the  War  Office  would  effect  all  that  ii 
wanted  at  once.  ITie  Geographical  Society  here  wiU  always  be  delighted  to 
play  the  part  either  of  supervisors  of  observations,  or  receptacles  for  contri- 
butions, or  to  become  the  handmaid  of  science  in  any  way,  however  hamble. 

"  I  ever  am  your  obedient  servant, 
"  Professor  Baden  Powell,  Oj^ord."  "  Geo.  Btiiw." 

•'  We  have  been  favoured  with  the  following  from  a  correspondent,  vbo 
dates  Cawnpore,  5th  May,  in  reference  to  the  meteoric  showers  seen  ftwa 
Mazagon  and  Kolapore  on  the  19th  April.  The  phsenomena  agree  so  closely 
in  all  respects  save  date,  that  we  should  greatly  wish  our  two  previous  in- 
formants to  refer  to  their  notes,  and  refresh  their  memories.  We  should  liU 
to  make  quite  sure  of  the  fact,  as  to  whether  meteoric  showers,  so  remaxfc* 
able  as  those  referred  to,  were  seen  on  two  successive  nights  at  nearly  the 
same  hour;  or  whether  they  were  seen  on  the  same  night  at  Bombay, 
lat.  18°  56',  long.  72°  57';  at  Kolapore  and  at  Cawnpore,  lat.  26°  3tf. 
long.  80°  13',  the  two  extreme  points  being,  as  the  crow  flies,  about  7(W 
miles  from  each  other.  Our  Cawnpore  friend  is  far  too  exact  and  methodi- 
cal, and  attaches  too  much  weight  to  such  things  to  be  in  error.  This,  vidi 
the  other  notes  of  meteors  and  hail-storms  that  have  been  forwarded  to  us,  at 
well  as  the  valuable  paper  on  the  meteorology  of  Futtegurh,  just  received. 
will  be  forwarded  to  the  British  Association.  An  account  of  them  will,  ^ 
doubt  not,  be  in  due  time  found  in  the  reports  of  the  July  number  of  tbe 
•  Athenaeum,'  as  well  as  in  the  extended  Reports  of  the  Association  : — '  Your 
paper  of  the  24th  ultimo  came  in  this  morning.  I  have  intended  writing 
you  several  days  past,  but  I  have  been  stirred  up  by  your  notice  of  the  me- 
teors at  Mazagon.  your  correspondent  states,  the  preceding  Saturday.  We 
had  here  the  precise  similar  beautiful  phsenomenon,  time  much  the  same,  but 
your  correspondent  and  myself  differ  by  twenty-four  hours,  as  I  have  noted 
them  in  my  diary  on  Sunday  evening,  as  follows : — ^This  evening  from  ei^ 
to  ten  P.M.  constant  meteors  flying  across,  chiefly  from  N.  towards  S.,  oto 
three  or  four  at  a  time.  The  largest  I  did  not  see.  1  had  my  &ce  towardi 
N.,  facing  a  white  building,  when  suddenly  the  whole  was  as  bright  as  yos 
see  in  a  vivid  flash  of  sheet  lightning.    Ere  I  could  turn  round  it  was  out  cf  | 
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flight,  bat  leaving  a  Tertical  line  of  h^U  lasting  perhaps  ten  seconds,  from 
Buins  down^rard  as  fiw  as  I  could  see,  a  bungalow  being  close  by.  This  wu 
the  only  yertical  one,  all  the  others  shooting  off  at  various  degrees  in  a  ho- 
ricontal  direction^  but  all  from  N.E.  up  to  N.W.»  not  towards,  as  all  had  a 
southerly  direction*  Your  expressed  wish  to  have  information  from  those 
who  may  have  seen  the  pluenomenon  induced  me  to  take  up  my  pen.  Since 
my  list  of  hail^storms,  I  hare  cmly  had  to  record  one  under  my  own  obsenra* 
Hon,  and  which  occurred  about  three  p.m.  at  a  place  called  Oomree,  seven 
miles  west  oi  Rewah,  on  the  7th  February  last,  the  hailstones  fully  as  big  as 
pigeons'  eggs*  It  did  not  last  long,  but  was  very  violent,  and  tore  my  tent 
sadly.  This  village,  Oomree,  must  have  been  about  the  centre,  as  it  did  not 
extend  to  Rewah  east,  and  only  about  four  miles  to  the  westward,  as  my 
camels  were  about  that  distance,  and  had  only  rain.' " 

*'  We  feel  greatly  indebted  to  a  Poona  correspondent  for  the  following  ac- 
count of  the  meteors  of  the  20th  ultimo,  of  which  we  have  already  published 
Several  notices ;  we  trust  that  we  shall  be  able  to  secure  a  few  more ;  those 
that  have  hitherto  reached  us  are  all  perfectly  consonant  with  each  other :— 
'  In  your  issue  of  the  15th  yon  wish  for  further  information  regarding  the 
shower  and  meteors  seen  last  month.  I  can  speak  positively  that  it  was  seen 
here  on  Sunday  the  20th  about  ten  o'clock.  I  was  sitting  outside  my  house 
with  a  friend,  and  we  observed  two  or  three  in  a  minute.  One  was  of  sur- 
passing briUiancy ;  it  left  a  tail  (if  I  may  so  express  myself)  which  lasted  at 
least  a  minute.  With  one  exception  in  the  north,  which  feU,  they  all  went 
from  east  to  south-west.' " 

"  We  find  that  the  shower  of  meteors,  mentioned  in  our  paper  of  the  24th 
as  having,  been  seen  from  Mazagon  on  the  evening  of  the  19th,  was  in  reality 
observed  on  the  20th ;  we  have  no  doubt  that  a  similar  error  will  be  found 
to  have  occurred  in  reference  to  the  date  on  which  thev  w€l:e  visible  at  Ko- 
lapore*  so  aa  to  identify  the  display  with  that  observed  from  Cawnpore  on 
£as|ter  Bunday.  At  any  rate,  we  have  the  matter  now  established  in  refer- 
ence to  the  exhibition  as  witnessed  from  two  extreme  stations,  and  this  is 
the  most  striking  ptMut  of  the  whole." 

No.  SO.— Extract  froxfl  a  letter  horn  Mr.  FVost. 

**  Ipswich,  Jnly  4tli,  1851;  and  at  Chatham  Place,  Hackney. 

"  IUy«  Sir,-*^I  faaV6  great  pleasure  in  sending  you  a  communication  I  have 
receivrt  from  Lieut.  Gawler  of  the  7drd  Regiment  in  British  Cafiraria ;  the 
extract  from  the  letter  is  as  follows : — •  On  Tuesday  morning,  March  lltb, 
1851,  we  commenced  our  march  in  two  divisions  at  one  a.m.,  one  under 
O^onel  Mackinreon,  and  the  other  under  Colonel  Eyre;  we  reached  the 
mountains  about  day-break,  in  lat.  32^  40'  S.,  and  long.  27^  SO'  £.,  when  we 
aaw  a  most  curious  meteor,  which  passed  us  within  30  feet,  with  a  loud  hissing 
noise,  like  a  spent  ball,  going  as  fest  as  a  bird  would  fly  ;  it  appeared  like  a 
ball  (rf  ire  about  half  the  size  of  an  egg,  with  a  tail  of  fire  about  a  foot  long. 
It  was  seen  by  the  other  division  six  miles  to  the  east  of  us.' 

"  Another  remarkable  meteor  was  seen  on  Sunday  night,  the  22nd  ultimo, 
at  11  o'clock,  at  the  east  part  of  London,  about  30°  of  altitude;  this  ap- 
peared like  a  brilliant  ball  of  fire,  leaving  a  stream  of  light  about  60°  long. 

"  I  am.  Rev.  Sir,  your  obedient  servant, 

"  To  the  Rev.  Baden  PowelL"  "  Wm.  FaosT." 

No.  31. — Extract  from  a  letter  from  Mr.  Cameron  to  Prof.  Stevelly. 

"  Belfast,  30th  June,  1851. 
''My  dear  Sir,<->On  the  evening  of  June  22nd,  when  in  my  parlour,  I  ob« 
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eared  a  laige  ball  of  a  wbidsh  red  spearing  noitii-vest  firtnn  where  I  vbs, 
and  I  think  about  one  mile  from  me,  and  about  half  a  mile  from  the  em&ce 
of  the  earth ;  it  seemed  at  first  enveloped  in  a  doad  or  haze,  but  opoa 
emerging  out  it  showed  about  the  size  of  the  full  moon,  travelling  wlowUf  from 
west,  and  taking  an  easterly  direction ;  after  having  tiavelled  about  100 
yards,  it  began  to  throw  out  small  ball-like  comets  in  every  direction,  and 
the  bolls  had  a  greater  velocity  than  the  main  body,  and  preceded  it  for  t 
short  distance;  and  before  each  ball  exploded,  it  became  scarlet-ied,  and 
threw  out  sinall  shocks  of  matter ;  and  after  the  ball  had  travelled  400  or 
500  yards,  it  then  appeared  to  be  totaDy  exhausted,  and  as  it  were  diasolred, 
without  showing  any  remnant  of  matter.  After  this,  the  whole  length  that 
the  large  ball  travelled  had  the  iq)pearance  as  if  the  space  were  filled  with  a 
reddish-white  matter,  and  remained  so  for  seven  minutes,  and  then  became 
to  get  disordered  and  irregular,  and  in  three  minutes  got  spread,  or  flattened, 
and  ultimately  dispersed,  apparently  by  contrary  currents  of  air.  I  might 
mention,  that  from  my  residence  adjoining  New  Court  House,  the  first  ap« 
pearance  I  observed  of  the  ball  was  over  Mr.  Reid's  farm,  west  of  Old  Park, 
and  the  direction  taken  was  that  of  Mr.  Harris's  works,  and  then  towards 
the  Upper  Dam ;  but  certainly  it  did  not  reach  so  far. 

"  I  am,  dear  Sir,  yours  very  truly, 

•'  J,  Cambron," 
The  annexed  diagram  represents  the  appearance. 


A  B,  course  of  centre  of  meteor. 

F  F  F  F,  &c.,  small  balls  and  lines  of  light  projected  in  advance  of  its  course, 

and  oblique  to  it. 
C  C  0,  D  D  D,  outer  boundary  of  reddish  space  which  remained  long  after 

disappearance  of  meteor  and  small  balls. 
E  £  £,  £  £  £,  waving  appearance  this  red  space  assumed  when  beginning  to 

break  up  and  dissipate. 
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Eleventh  Report  qfa  Committee,  consisting  o/H.KStrickland,  Esq., 
Prof.  Daubbnt,  Prof.  Hbnslow,  and  Prof.  Lindlby,  appointed  to 
continue  their  Experiments  on  the  Growth  and  Vitality  of  Seeds. 
Ik  the  spring  of  the  present  year  the  allotted  portions  of  each  kind  of  seed  ga- 
thered in  184j3,  being  the  third  sowing  of  such  kinds,  were  subjected  to  experi- 
ment, under  circumstances  similar  to  those  resorted  to  on  previous  occasions*. 
So  few  additions  have  lately  been  made  to  the  Depdt  at  Oxford,  that  it 
becomes  a  duty  on  our  part,  to  request  that  persons  interested  in  these  expe- 
riments, will  lend  their  aid  by  contributing  seeds  of  known  date,  and  where 
possible,  in  quantities  sufficient  for  distribution,  especially  those  of  goners 
not  included  in  the  list  given  in  the  Report  for  IS^S. 
The  annexed  Table  contains  the  names,  &c.  of  the  kinds  sown  : — 


Name  and  Date  when  gathcnd. 


1843. 

1.  Asphodelns  Inteus 

2.  Aretiam  Lappa  

3.  Angelica  Archangelica  

4.  AUiiim  fragrans  

5  Borkhansia  rubra  

6.  Bartonia  aurea    

7.  Campanula  Meadia 

8.  Dianthus  barbatos 

9.  Euphorbia  Lathyris    

10.  Gypiophila  elegans 

11.  Hesperis  matronalis   

12.  Hypericam  hinatam ........ 

13.  Kaiilfossia  amalloides 

14.  Loasa  lateritia 

15.  CEnanthe  Crocata  

16.  Plantago  media  

1 7.  Polemonium  coeruleum  

18»  Rumex  obtusifolia 

19.  Silene  intlata  

20.  Smyrninm  Olusatnun 

21.  Tigridia  Pavonia 

22.  Ageratum  mexicanum    

23.  Aster  tenella  

24.  Bidens  diverBifolia 

25.  Biscotella  erigeriiblia 

26.  Callifttemma  hortensis    

27.  Centaurea  depressa    

28.  Cladanthus  arabicus  

29.  Cleome  Bpinosa 

30.  ConvolTulus  major 

31.  Eduum  grandiflorum 

32.  Eucharidiuro  grandiflorum.. 

33.  Helenium  Douglasii  

34.  Hebenstretia  teauifolia 

35.  Heliophila  araboides 

36.  Koniga  maritima 

37.  Leptonphon  androsaceus  ., 

38.  Lunaria  biennis 

39.  Matthiola  annua , 

40.MeliIotus  ocemleut , 

41.  Phytolacca  decandra  .i 

42.  S^lzanthns  pinnatns 

43.  Ta&mm  dliattmi 

44.  Viola  InteavaiB. 


No. 
•own. 


50 
100 
100 
100 
100 
200 
100 
100 

50 
200 
100 
150 
100 
150 
100 
150 
100 
150 

50 
100 
100 
200 
200 
150 
100 
200 
100 
200 
100 

5Q 
100 
200 
200 
100 
200 
200 
200 
100 
200 
100 

25 
200 
200 
150 


No.  of  Seeds  of  each 

Species  which  rege- 

tetrdat 


Ox- 
ford. 


Cam- 
bridge. 


Chis- 
wick. 


lime  of  Yegetating 
in  days  at 


Ox- 
ford. 


16 


16 


Cam- 
bridge. 


15 


Chis- 
wick. 


14 


20 


16 


Remarks. 
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Semarks  oh  the  Climate  of  Southampton,  founded  on  Barometrkalj 
Thermometrical  and  Hygrometriccd  Tables,  deduced  from  observa- 
tions taken  three  times  daily  during  the  years  1848, 1849  and  1850. 
By  John  Drew,  F,R.A.S.,  PhJ).  University  qfBdle. 

Shortlt  after  the  Meeting  of  the  British  AsBociation  in  Southampton,  I  de- 
termined upon  commencing  a  series  of  meteorological  ohservations  in  that 
town :  its  position  in  the  centre  of  the  southern  line  of  coast  appeared  to  me 
an  important  one,  and  in  this  view  I  was  confirmed  hy  those  whose  authority 
stands  high  on  meteorological  science.  1  entered  therefore  on  an  unhrokea 
series,  with  the  hope  of  supplying  data  for  the  determination  of  the  climate 
of  the  place,  towards  which  object  no  systematic  efforts  had  as  yet  been  di- 
rected. 

With  this  view  I  consulted  Mr.  Birt,  as  to  the  instruments  best  adapted 
to  the  purpose,  and  he  kindly  undertook  to  superintend  the  conatruotioa  of  a 
Barometer  by  Mr.  Newman,  from  whom,  at  his  recommendation,  I  procured 
the  greater  part  of  the  instruments  employed  in  the  observations,  the  results 
from  which  1  am  about  to  lay  before  the  Section — for  the  most  part  in  a 
tabular  form.  I  have  spared  no  pains  in  arriving,  as  near  as  possible,  at  ab- 
solute mean  values  in  the  instrumental  readings ;  and  for  the  purpose  of  satii- 
fying  those  who  may  hereafter  consult  the  Tables,  I  shall  accompany  them 
with  a  few  remarks  on  the  plans  adopted  and  the  instruments  employed. 

The  observations  have  been  taken  three  times  daily,  viz.  at  9  ▲.m.,  8?.m., 
and  9  P.M.,  local  mean  time,  for  a  period  of  three  years,  extending  fron 
Feb.  1,  1848  to  January  31,  1851.  The  barometer,  with  its  attached  ther- 
mometer and  the  wet  and  dry-bulb  thermometers,  have  been  read  at  theie 
hours ;  the  force  and  direction  of  the  wind  and  the  amount  of  cloud  recorded; 
in  addition  to  these,  at  9  a.m.  daily,  the  readings  of  the  maximum  and  mini* 
mum  thermometers,  and  the  amount  of  rain  during  the  previous  24  heun, 
have  been  registered.  The  svstem  pursued  has  been  as  nearly  as  possible  in 
accordance  with  that  followed  in  the  Greenwich  observations, 

The  Latitude  of  my  Observatory  is  50""  54'  84*  North. 
The  Longitude  in  Time  O'*  5"  37-7"  West. 

The  height  of  the  barometer  cistern  above  the  mean  level  of  the  sea  ii 
60  feet;  and  of  the  rain-gauge  above  the  surfiace  of  the  ground  9  feet 
6  inches. 

Tablb  1.  shows  the  mean  height  of  the  barometer  for  every  month,  iritk 
the  highest  and  lowest  readings,  and  their  difference,  or  monthly  fasge. 
These  have  been  corrected  for  capacity  and  capillary  action,  and  have  been 
reduced  to  the  temperature  of  32^  Fahrenheit. 

To  determine  the  zero  correction,  Mr.  Birt  undertook  to  compare  the  in* 
strument,  before  it  came  into  my  hands,  directly  with  the  Royal  Society*! 
Standard,  and  indirectiy  with  a  mountain  barometer  of  Col.  Sabine's,  whose 
index  correction  had  been  previously  ascertained :  the  result  of  the  whole 
series  of  comparisons  was  the  necessity  of  applying  +0036  in.  to  the  read- 
ings of  my  barometer  to  bring  them  up  to  those  of  the  standard :  this  has 
been  applied  in  every  case ;  although  when  on  a  late  occasion  I  carefully 
compared  it  with  others  whose  correction  was  thought  to  have  been  known 
I  found  it  somewhat  too  great,  yet  the  differences  were  not  so  consistent  a* 
to  induce  me  to  alter  the  index-error  as  originally  determined. 

The  barometrical  readings  have  not  been  corrected  for  daily  range,  as  I 
have  reason  to  believe  that  the  daily  periods  of  atmospheric  pressure  do  not 
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Mlpoide  with  those  at  Ghreenwich.  On  frequent  occasions  I  have  applied 
separately  to  the  monthly  means  of  the  9  a.m.,  S  f.u.  and  9  p.m.  obsenra* 
tioas,  the  oorrectionB  given  by  Mr.  Olaisher  in  the  Phil.  Trans,  part  1, 1848, 
and  the  results  were  in  no  ease  consistent :  nor  is  this  surprising,  when  we 
ngard  the  situation  of  Southampton  at  the  head  of  an  estuary  which  is  di- 
vided into  two  arms  by  the  Isle  of  Wight.  Most  probably  the  local  varia« 
tkms  of  atmospheric  pressure  are  peculiar,  but  what  these  may  be  can  only 
be  determined  by  a  far  more  extensive  series  of  observations  than  I  have  had 
the  leisure  to  undertal^e  i  one  on  the  plan  of  photographic  registration  would 
admirably  answer  the  purpose. 

Mr.  Glaisher  on  one  occasion  expressed  himself  to  me  unfavourably  with 
regard  to  barometers  to  which  it  was  necessary  to  apply  the  capacity  correc* 
tion.  His  reason  was,  that  as  the  mercury  descends  in  the  tube  and  the 
eistem  becomes  fuller,  a  portion  of  the  hollow  cylinder  of  glass  composing 
Ae  tube  is  enclosed,  and  the  mercury  rises  higher  than  the  capacity  correc- 
tion would  indicate,  by  a  quantity  dependent  on  the  volume  of  the  section  of 
the  tube  which  it  had  enclosed.  After  having  carefully  considered  the  sub« 
ject,  I  entered  upon  an  investigation  which  should  result  in  leading  me  to 
reject  the  observations  I  had  taken,  or  to  confirm  my  confidence  in  them. 

Let  a  =  the  area  of  the  hollow  part  of  the 
tube, 
m  =  the  area  of  the  surface  of  the  cis- 
tern. 
b  =  the  area  of  the  annulus  or  section 

of  the  glass  tube, 
c  =  the  ascent  or  descent  of  themercury 

from  the  neutral  point. 
w  =  the  correction  required,  +  in  the 

former  case,  —  in  the  latter. 
Tlien  ac  =  (ra — b)  x, 

ac 

or  JP  s=  ;  . 

ra—b 
Substituting  the  values  of  these  quantities 
measured  from  my  barometer,  the  internal 
diameter  of  the  tube  being  0'283  in.,  the  ex- 
ternal 0'4l  in.,  and  the  proportion  between 
the  i^ea  of  the  section  of  the  tube  and  that  of  the  cistern  as  1  to  42,  we 
have  a  s=  0O629,    r  ss  42,     6  =  *0691 ;    let  c  =  1  inch, 

*0629 
*«  ^=2>535--069='Q^^^' 

but  the  correction  for  capacity,  as  applied  in  the  usual  way, 

ac  1  ^««« 
ra  42 
it  follows  therefore  that  when  the  mercury  has  ascended  or  descended  from 
the  neutral  point  one  inch,  the  difference  caused  by  the  endosure  of  the  tube 
▼ill  be  exactly  -001 ;  a  quantity  less  than  that  read  by  the  vernier— proba- 
bly less  than  the  error  of  observation — and  therefore  one  which  may  fairly 
be  neglected  in  practice.  If  therefore  the  exact  proportion  between  the  areas 
of  the  tube  and  cistern  be  carefully  ascertained  by  the  maker,  we  are  able  to 
•rrive  at  sufiicient  correctness  with  a  barometer  to  whose  readings  it  is  neces- 
P*ry  to  apply  the  capacity  correction ;  the  trouble  of  reading  off  is  less.  ^  I 
bave  tabulated  the  capacity  correction  and  the  index  error ;  so  thai  by  taking 
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the  algebraic  sum  of  one  quantity  and  the  correctioil  for  tempelmtore«  I  giet 
the  true  reading  directly,  and  with  little  labour ;  while  there  is  a  great  ad- 
vantage in  the  cistern  being  of  iron,  and  in  getting  rid  of  the  leaUiem  bag 
which  accompanies  some  barometers  of  a  certain  construction. 

On  comparing  the  pressure  at  Southampton  with  that  at  Chreeavicli 
monthly,  I  find  a  difference  varying  between  0*  1 10  in.  and  0*  145 ;  the  heigbt 
of  Greenwich  observatory  above  my  station,  measured  from  the  ievd  of  the 
sea,  is  100  feet. 

Greenwich.  Soathampton.  DiiVereBce. 

11  months  of  1848  29*711  29*839  0*128 

12  months  of  1849  29*801  29*943  0142 
12  months  of  1850              29*812                29*949  0187 

The  consistent  results,  arising  from  reducing  the  readings  to  the  sea-levd  and 
deducting  such  portion  of  the  pressure  as  is  due  to  the  aqueous  vapour  in  the 
.  atmosphere,  tend  to  give  considerable  confidence  in  the  barometrical  obior- 
vations. 

Mean  pressure  of  dry  air  reduced  to  the  level  of  the  sea. 

Greenwich*  Southampton.  Difference. 

1849  29*692         29*677         015 

1850  29*697         29*686         -014 

Tablb  II.  Determination  of  the  mean  temperature. — ^The  dry  and  vet- 
bulb  thermometers  were  compared  by  Mr.  Glaisher  and  myself  with  a  stand- 
ard  by  immersion  in  water  of  a  high  temperature,  wliich  was  allowed  to  cool 
gradually,  simultaneous  readings  being  taken  from  time  to  time :  the  result 
was  that  the  dry-bulb  was  found  to  read  too  high  by  —  *4  in.,  and  the  wet- 
bulb  by  —'2:  to  the  means  of  the  monthly  observations  these  correctioDi 
have  been  applied ;  and  by  an  extended  series  of  simultaneous  readings,  the 
indications  of  the  maximum  and  minimum  thermometers  have  been  corrected 
and  reduced  to  the  same  standard. 

Mr.  Glaisher's  corrections  for  daily  range  have  been  applied  to  the  9  ▲.!!.» 
3  P.M.  and  9  p.m.  observations,  and  the  mean  monthly  temperature  thus  de- 
duced ;  the  quantities  given  by  him  have  also  been  subtracted  from  the  arith- 
metical means  of  the  maxima  and  minima,  to  obtain  an  independent  mean 
temperature  :  although  these  two  results,  as  may  be  seen  by  inspection,  are 
not  absolutely  identical  in  every  case,  they  are  sufficiently  near  to  show  that 
the  variations  in  the  rise  and  fcdl  of  t^e  temperature  occur  at  Southanqptoii 
at  nearly,  if  not  quite,  the  same  local  time  as  at  Greenwich.  Mr.  Glauher 
considers  that  these  corrections  might  not  apply  to  localities  on  the  coast, 
and  that  the  agreement  is  nearer  than  might  have  been  expected.  JTakiog 
the  entire  series,  the  following  is  the  result : — 

1848.  1849.  1850.  ^riJ 

M.  T.  from  the  daily  obs 51*4  *          50*2  49*4  50*3 

M.  T.  from  max.  andmin 52*1  50*  1  49*  I  50*4 

Difference    0*7  0*1  0*3  01 

This  table  ako  shows  the  mean  of  the  maxima  and  minima ;  the  highest  aod 
lowest  readings  during  the  month,  with  the  date  of  their  occurrence ;  and  the 
differences  between  these,  or  monthly  range  of  temperature. 

Tablb  III.  gives  the  monthly  means  of  the  readings  of  the  dry  and  wet- 
bulb  thermometers  reduced  to  the  mean  temperature  by  the  application  of 
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Mr.  Olaishdr's  corrections ;  the  dew-point  deduced  by  the  factors  given  in 
the  Grreenwich  observations ;  the  degree  of  humidity,  and  the  mean  amount 
6f  dond,  considering  a  cloudy  sky  to  be  represented  by  10«  and  a  cloudless 
dcyby  0. 

From  this  table  I  find,  as  my  experience  had  told  me,  that  the  atmosphere 
of  Southampton  ia  moist  compared  with  places  farther  inland ;  nor  will  this 
be  a  matter  of  surprise  when  we  regard  its  situation  between  two  rivers  (one 
of  which  is  a  mile  in  breadth  for  a  considerable  distance  above  the  town)^ 
and  on  an  arm  of  the  sea,  from  which  the  prevalent  winds  are  constantly 
wafting  the  over-laden  clouds. 

The  degree  of  humidity  as  compared  with  Greenwich,  situated  inland  and 
on  a  considerable  elevation,  approaches,  as  might  be  expected,  nearer  the 
point  of  saturation. 

1848  (11  mo.).  1849.  1850. 

Greenwich   -820  '802  805 

Southampton *878  -844  *861 

Tablb  IV.  shows  the  prevalent  winds  for  each  month  during  the  three 
years ;  it  has  been  formed  by  inserting  under  each  head  the  number  of  times 
the  direction  has  been  recorded  at  9  a.m.  and  3  p.m. 

In  the  year  1848,  the  south,  south-west,  and  westerly  winds  were  largely 
in  the  ascendant,  and  the  Consequence  was  an  exceedingly  wet  season^  as 
these  winds  were  usually  accompanied  with  rain ;  they  are,  for  the  most  part, 
warmer  than  those  from  the  northward  and  eastward,  and  hence  we  find  the 
mean  temperature  of  that  year  higher  by  2  degrees  than  1849,  and  by  6  than 
1850. 

In  1849,  the  northerly  and  north-easterly  winds  were  frequent;  the  pro-* 
portion  between  those  winds  from  the  quarters  north  to  east  inclusive,  and 
those  between  south  and  west,  being  as  254  to  321.  The  difference  in  the 
faU  of  tain  during  this  year  and  the  preceding,  amounted  to  upwards  of  10 
inches  :  the  loss  of  the  January  observations  prevents  my  stating  the  exact 
amount 

In  1850,  the  south-west  winds  predominated  over  the  north-east  in  the 
proportion  of  872  to  252;  the  amount  of  rain  collected  was  as. nearly  as 
po^ble  the  same  as  in  1849.  The  mean  temperature  was  low,  especially  in 
the  months  of  January,  March  and  October,  when  the  wind  set  frequently 
from  the  north  and  north-east,  as  the  tables  will  show.  During  the  month 
of  March  especially,  the  low  degree  of  humidity  shows  the  dry  nature  of  the 
air  on  the  prevalence  of  the  northerly  wind.  In  the  month  of  March,  gene-' 
rally  the  north  and  north-east  winds  prevail,  while  winds  from  the  south  and 
eouth-west  are  about  equally  distributed  throughout  the  other  months  of  the 
year. 

Table  V.  requires  but  little  explanation  or  remark.  It  exhibits  the 
monthly  mean  of  the  readings  of  two  thermometers,  one  near  the  surfeuse  of 
the  soil  protected  fr6m  the  sun's  rays,  the  other  sunk  1  foot  below :  they 
have  been  read  off  simultaneously  at  3  p.m.  daily  during  the  year  1850. 

Tablb  VI.  is  a  contribution  towards  the  comparison  of  the  climate  of 
different  localities,  and  exhibits  certain  conditions  of  the  atmosphere,  as  in- 
stanced at  Southampton  and  three  other  places;  viz.  Falmouth,  which  is 
Lear  the  most  southern  and  western  point  of  England;  Stone,  between 
Aylesbury  and  Oxford,  a  central  situation ;  and  York,  a  northern  position,  and 
also  inland.  By  the  courtesy  of  the  gentlemen  who  have  kept  constant 
meteorological  registers  at  those  places,  I  have  been  supplied  with  the  parti- 
culars on  which  t£e  table  is  baaed .-  these  are,— • 
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1.  The  Bumbar  of  days  on  which  the  temperature  ML  below  the  freesiif^ 
point. 

2.  The  number  of  days  on  which  rain  foil  in  greater  quaBtities  than  half 
an  inch  in  24  hours. 

8.  The  amount  of  rain  in  inches  during  each  month  of  the  three  years. 

4.  The  number  of  days  on  whieh  rain  fell. 

5.  The  mean  temperature  of  each  month  for  each  of  the  Ibuv  plaees  mea* 
tioned. 

Confessedly  imperfect  as  this  table  is,  we  may  nevertheless  deduce  fvom  it 
some  interesting  facts.  It  is  imperfect  from  the  construction  of  tiie  raia- 
gauges  employed,  which  would  give  more  sattsfiBictory  results  did  they  record 
the  duration  of  showers  of  rain  as  they  fell  on  tlie  principle  of  Osier's  nun* 
gauge.  They  are  imperfect  indicators,  moreover,  of  the  mean  amount  of  raia 
for  their  localities,  from  the  varying  height  at  which  they  are  placed  abcyve 
the  ground.  I  apprehend  that  to  obtain  the  due  amount  of  rain  we  shodd 
plant  several  gauges  in  different  parts  of  a  town,  and  the  mean  of  the  quantity 
received  would  give  a  much  fairer  estimate.  Till,  however,  the  number  of 
those  who  take  an  interest  in  the  subject  of  meteorology  is  greatly  inereased, 
we  must  be  satisfied  with  such  imperfect  means  as  we  possess  for  aequiing 
a  knowledge  of  the  atmospheric  variations  and  the  laws  which  regulate  then, 
of  even  so  small  a  portion  of  the  world  as  our  own  country. 

The  following  are  a  few  particulars  deduced  from  the  table  under  eesoA- 
deration  x^^ 

.  1 .  During  the  course  of  the  year,  the  number  of  days  on  which  the  freesiB^ 
point  is  reached  at  Falmouth  is  about  \  of  that  at  Southampton,  at  Stoos 
1  J,  at  York  If. 

8,  With  regard  to  the  number  of  ftdls  of  rain  beyond  ^  an  inch  in  24  boon, 
Southampton  and  Falmouth  are  aboi|t  equal ;  at  Stone  and  York  the  number 
of  suoh  days  is  ^  of  those  at  the  former  plaoes. 

3.  The  entire  quantity  of  rain  at  Falmouth  during  the  three  years  is  som^ 
what  morp  than  -^th  beyond  that  at  Southampton ;  at  Stone  and  Yorii 
somewhat  more  than  half  the  quantity  at  Falmouth  ;  York  having  reeeived 
79-6  in.,  and  Stone  683. 

4.  The  number  of  days  on  which  rain  is  stated  to  have  fallen  is  fear  it 
Southampton  than  at  any  other  place ;  being  474  to  577  at  Falmouth,  502  tt 
Stone,  and  519  at  York.  This  result  is  consistent  with  that  just  mentiosed 
and  with  the  table  that  follows,  and  leads  us  to  the  conclusion  that  the  wn 
falls  in  largar  quantities  at  Southampton  than  at  any  of  those  places  with 
which  I  am  comparing  it. 

The  days  and  amounts  of  falls  of  rain  exceeding  one  inch  in  24  hems 
during  the  time  through  which  these  observations  have  extended,  are  ai 
follow : — 


Southampton. 

FalBOuth. 

Stone. 

YoA. 

1848.  June  10.    1-055 

Sept.  25. 

1-268 

^^^^ ^^ 

Junfs  18,      V63 

June  17.    1025 

Dec.  27. 

1*500 

.,|«. ....••! 

Sept.  2;».      1-99 

Oct.   24.    1-215 

1849.  Oct.     4.     2105 

Sept.  22. 

1-925 

May  28.     1-3 

Dec.     8.    1-810 

Sept.  26. 

1-964 

1850.  June  27.    1-960 

May     6. 

1-750 

July    18.     1-588 

July     3. 

MOO 

Sept.  28.     1-130 

Aug.    7. 

1-024 

Nov.  25.     1-636 

Sept  24. 
Dec.  15. 

1-900 
1-306 

1851.  Jan.  21.    1-300 

Jan.  21. 

1-222 

•i. 

..._ 

Sams    14-824 

14-959 

V3^ 

J         3-62 
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It  would  appear,  then,  in  concloaion,  that  the  climate  of  Southampton  is 
mild,  differing  but  little  from  that  of  the  most  southern  town  in  England  ; 
that  the  air  is  more  generally  laden  with  moisture  than  that  of  inland  towns, 
arising  from  its  proximity  to  the  lea  and  freshwater,  and  from  the  prevalence 
of  winds  from  the  points  between  south  and  west  and  those  inclusive,  which 
are  laden  with  aqueous  vapour  from  the  sei^  \  that  this  moisture  falls  in 
copious  showers  on  a  fewer  number  of  days  than  the  less  quantity  in  the  in- 
land towns  with  which  it  has  been  compared ;  occasionally  in  large  quantities 
at  a  time,  as  on  June  27*,  1850,  when  nearly  two  inches  of  rain,  accompa- 
nied with  thunder  and  lightning,  fell  in  12  hours  :  that  severe  cold  is  less 
prevalent  than  at  places  inland,  but  the  quantity  of  rain  is  greater ;  while 
the  average  amount  of  oloud  appears,  from  comparison  with  about  forty  other 
places,  to  be  a  mean  between  the  more  and  less  cloudy  skies.  Though  the 
air  may  be  less  bracbg  than  places  higher  and  more  inland,  we  have  the  ad- 
vantage comparatively  in  mild  winters,  and  the  absence  of  that  severity  which 
is  ao  trying  to  the  invalid. 

I  avidl  myself  of  a  high  medical  authority  to  subjoin  the  following  enume* 
ration  of  the  prevalent  diseases,  and  of  those  which  are  unusuei  in  the 
neighbourhood ;  which,  being  written  entirely  independently  of  my  observa- 
tions, will,  I  apprehend,  be  yet  found  to  harmonize  with  the  opinions  which 
I  hfive  founded  on  the  meteorological  observations. 

"  Inflammatory  diseases  of  an  active  kind  are  not  at  all  common,  nor  do 
they  require  or  bear  active  depletion  when  they  occur,  The  town  is  quite 
free  from  ague :  the  mud  lands  do  not  produce  it,  as  the  water  upon  them  is  never 
stagnant.  Intermittent  neuralgias  are  pot  met  with.  Fever  is  not  common. 
Twenty  years  ago  it  was  very  rare,  but  since  the  town  has  increased  greatly 
in  numbers  it  is  more  prevalent,  though  not  of  a  malignant  type.  There  is 
a  considerable  amount  of  complaint  from  uneasiness,  discomfort,  indisposition 
and  looal  pains  produced  by  indigestion  of  an  atonic  kind,  or  the  result  of 
want  of  general  power.  The  system  is  not  so  vigorous  as  in  a  more  bracing 
dimate,  and  therefore  not  so  able  to  digest  the  same  quantity  of  food ;  and 
unless  much  greater  attention  is  paid  to  quantity  especially,  and  also  quality 
as  yrejjl  as  to  habits,  he^ache,  distension,  constipation  and  general  debility  are 
not  uncommon.  Young  and  vigorous  persons  who  come  nere  from  a  colder 
and  drier  air,  usually  complain  at  first  of  sleepiness,  and  an  inability  to  per- 
form the  same  amount  of  muscular  or  mental  exertion.  On  the  other  hand, 
rather  delicate  and  susceptible  people  (especially  women),  who  are  never  well 
in  polder  parts  of  England,  enjoy  much  inore  bodily  comfort  here.  For  the 
same  reason  it  suits  children  and  elderly  people,  especially  if  they  have  been 
subject  to  inflammatory  diseases  of  the  air-passages  in  colder  or  drier  places. 
Oouty  and  rheun^atic  diseases  are  not  common  here,  as  might  be  expected, 
from  the  inability  to  digest  a  large  quantity  of  food ;  in  short,  there  is  a 
greater  fimoont  of  indisposition  from  indigestion,  and  a  les»  than  an  average 
amount  of  active  secondary  diseases,  such  as  fever  and  violent  inflamma- 
tion."—Dr.  J.  BuUar. 

Looking  at  what  private  observers  like  myself  have  been  able  to  accomplish 
in  the  science  of  meteorology,  we  must  arrive  at  the  conclusion  that  com^ 
paratively  slow  progress  will  be  made  until  our  number  is  greatly  increased^ 
and  tiU  we  embrace  in  our  observation  a  more  extensive  range.  In  addition 
to  the  pressure,  temperature,  and  hygrometric  state  of  the  air,  it  would  be 
highly  advantageous,  could  we,  for  sJl  localities,  ascertain  in  addition  the  ra- 
pidity of  evaporation ;  the  range  and  intensity  of  solar  radiation ;  and  the 
state  of  electric  tension, — all  which  in  their  varied  combinations  go  to  make 
\xp  that  general  result  which  we  call  cUnrnte,  and  which  unitedly  produce 
effects  upon  the  natural  world  and  the  human  frame,  according  to  the  pre-r 
ponderance  in  the  atmosphere  of  one  or  the  other  element*  Digitized  by  vjn^i^glC 
*  This  was  the  heaviest  fidl  of  rain  reconlecU 
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Table  L 
Atmospheric  Pressure* 


Meaot  height 
Baxonuster. 

Highest  read. 

ingdurrngthe 

month. 

Date 
of  the 
occur- 
lenoe. 

Lowest  read- 

Date 
of  the 
occnr- 
ranee. 

MoDtUy 
range. 

1848. 
February • 

29*645 
29*621 
29*710 
30038 
29-787 
29-971 
29-861 
29-958 
29-765 
29*945 
29-929 

30-459 
30-287 
30*119 
30-295 
30*146 
30*448 
30-098 
30-407 
30*252 
30*492 
30-364 

18 
8 
30 
11 
20 
12 
31 
16 
13 
13 
22 

28*396 
28*753 
29-270 
29*299 
29-231 
29-365 
29-411 
29*285 
29-361 
29*120 
29*139 

26 
12 
19 
17 

3 
20 

1 
24 
27 
23 

5 

2*063 
1-534 
0-849 
0-996 
0-915 
1*083 
0*687 
1122 
0^91 
1-372 
1-225 

March 

April  

May    

June   

July    

August    

September 

October 

November 

December 

Mean 

29-839 

1849. 
January 

29*939 
30-256 
30*065 
29-636 
29*905 
29*988 
29-934 
29-997 
29*886 
29*882 
29-871 
29-975 

30*564 
30*855 
30*683 
30*296 
30*226 
30*215 
30*344 
30*366 
80*319 
30-684 
30-387 
30*580 

23 
11 

6 
30 
11 

3 
12 
20 
19 
29 

8 
27 

29-431 
29*216 
29*191 
29*197 
29-258 
29-633 
29*479 
29-629 
29*198 
29-082 
29-115 
29-257 

28 

23 

28 

19 

17 

10 

24 

13 

30 

4 

4 

5 

1*133 

1-639 

1-492 

1*099 

-968 

*582 

•865 

•737 

1121 

1*602 

1*272 

1323 

February 

March 

April  

yUy     

June   «•..••.....  ••. 

July    

August   

September 

October 

November 

December 

Mean  

29*943 

1850. 
Januar]^ 

29*986 
30010 
30*191 
29-755 
29*806 
30*052 
29*977 
29*928 
30*039 
29-774 
29-856 
30-017 

30*536 
30*408 
30*632 
30*337 
30-259 
30-374 
30198 
30-343 
30*454 
30-414 
30*367 
30*624 

27 

22 

6 

9 

2 

19 

30 

31 

8 

13 

9 

23 

29*387 
29*086 
29-549 
29-094 
29*379 
29-460 
29*614 
29*608 
29*402 
29181 
28-720 
29136 

15 
5 
23 
16 
8 
14 
25 
21 
30 
23 
20 
18 

1-149 

1-322 

1-083 

1*243 

•880 

•914 

•584 

•735 

1^052 

1233 

1*647 

1*488 

February 

March 

April  

May    

June 

July    

August    

September 

October 

November  ......... 

December  

Mean 

29*949 

1851. 
Januarv  ...     .... 

29-738 

30*297 

23 

29-046 

15 

1*251 
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Table  II. 
Temperatare. 


three 


tiODt 

duly. 


43-3 
43*6 
477 
587 
567 
617 
58-5 
56-9 
51-9 
42-8 
441 

61-4 


401 

43*6 

43-2 

44-4 

571 

59-5 

60-8 

61 

56-3 

51-6 

45-5 

39-9 

50-2 


34-9 
44-6 
40*4 
48-4 
51*6 
59-5 
61*6 
59-5 
56-3 
46-6 
471 
42*8 

49-4 


44*5 


Mean 
of  the 


49*5 

54-2 

59-9 

72-9 

70-2 

74-1 

69*6 

68 

58-9 

497 

48 


44-9 

50 

50*6 

53-6 

72-8 

73-4 

70-6 

69-9 

65-9 

577 

50-3 

43-5 


387 

49-3 

467 

56-5 

60-3 

711 

71-6 

70 

65*2 

541 

52*8 

471 


49 


Heen 

of  the 

miniine. 


38*5 

391 

41-6 

467 

52-2 

54-2 

53 

491 

46-5 

36-4 

40 


35*2 
36*6 
37*6 
38-6 
48*2 
51*5 
531 
54*5 
507 
46-4 
39-9 
34 


29-2 

39 

32*6 

43*6 

48-4 

51 

56*4 

53*8 

48*4 

40*2 

41*3 

36-8 


40 


Meui 
tempe- 
nUuie 


end 


43*3 
46*6 
49*1 
581 
59*4 
62*2 
59-6 
57*2 
517 
42*6 
44 

521 


39*8 

42-7 

43*1 

44*6 

58*8 

607 

599 

60-5 

57 

51 

44*8 

38*7 

501 


33*8 
43*8 
38*7 
48*6 
52-5 
59-2 
62*1 
60*2 
55*5 
46*2 
46*7 
42 

491 


44*5 


Adopted 
mean 
^mp. 


43-3 

45*1 

48*4 

58*4 

58 

62 

59 

57 

51*8 

427 

44 

51*8 


40 

43-1 

43*1 

44*5 

58 

60*1 

60*3 

60-7 

56*6 

51*3 

451 

39*3 

50*2 


34*4 

44*2 

39-6 

48*5 

52 

50*4 

61*9 

59*8 

55-9 

46*4 

46*9 

42*4 

49*3 


44*5 


Highert 

reftding 
daring 

the 
month. 


54-1 
671 
74-3 
80*6 
82-6 
861 
761 
75*3 
711 
581 
59*5 


52*6 

58 

62*2 

65*2 

84-3 

87*6 

83 

77*6 

76*6 

63-8 

58*6 

54*6 


51*9 

54-8 

59-6 

64-6 

74-9 

81-6 

82-6 

77*8 

72-8 

62*6 

60 

53*1 


53*6 


Loweet 

reading 

during 

the 


25*6 
30-1 
29*J 
381 
44-6 
421 
441 
39*1 
35*6 
281 
29*1 


27-6 
27*6 
271 
28-4 
36*1 
42*5 
42*6 
41*6 
37-6 
32-6 
19-3 
10*6 


9-6 
27-6 
21*6 
35*8 
29*9 
39*4 
46*6 
41*1 
37*6 
31*6 
27-8 
26*4 


30*6 


23 


Monthly 
lange. 


28*5 

37 

45*2 

42*5 

380 

44 

32 

36-2 

35-5 

30 

30 


25 

30*2 

351 

36*8 

48*2 

45*1 

40*4 

36 

39 

31*2 

39*3 

44 


42*3 

27*2 

38 

28*8 

43 

42-2 

36 

36*7 

35*2 

31 

32*2 

26*5 


23 


Digiti 


zed  by  Google 


6B 


HBMBI^^lSSl* 


Table  III. 


Hygrometrioal  state  of  the  Atmotphere* 


Drjbttlb. 

Wet  bub. 

ivotbttow 
dry. 

Dtir.p«iit 

Deem  of 
huaiidity. 

Amoalcr 
doML 

1848. 

February » 

March 

AprU  » 

May 

43-3 
43-6 
47-7 
687 
56-7 
61-7 
58-5 
66-9 
51-9 
42-8 
441 

42 

42*5 

45-9 

54-5 

54*8 

59 

56*7 

55*1 

49*8 

41*4 

42-8 

1*3 
1*1 
1*8 
4*2 
1*9 
2*7 
1*8 
1*8 
2*1 
1*4 
1*3 

40*2 

41 

43*7 

50*7 

631 

66*9 

55*1 

636 

47*7 

39-5 

411 

^906 
•880 
•877 
•788 
•896 
*858 
•90S 
•901 
•868 
t873 
•909 

6*4 
H 

7 

2-5 

7-3 

6 

7 

7 

6 

6-5 

7 

July    

August   

September 

October 

NoYember  .•••••... 

December  

Means 

61-4 

47*5 

•878 

6^4 

1849. 

January » 

February...... 

40-1 

43-6 

43*2 

44*4 

67*1 

59*5 

60*8 

61 

66-3 

61*6 

46*5 

39-9 

39*1 

421 

41*1 

42*2 

53*3 

54 

66*3 

67*5 

63*5 

491 

43*7 

38-6 

1 

1-5 

2*1 

2*2 

3*8 

5*5 

4*5 

3*5 

2-8 

2-5 

1-8 

1*4 

3^7 

40*2 

38*2 

39*4 

49-9 

49*6 

52*7 

55*3 

61 

46*6 

41-4 

36*6 

•926 
•892 
•853 
*848 
•806 
731 
•775 
•820 
•852 
•846 
•878 
•898 

6-8 

7 

6-3 

6-4 

51 

5-3 

6 

6 

6 

U 

April  

Wky      .           ... 

"   ' 

July    

August   

October 

Notember 

December 

Means.  •.«••*  ••••*..* 

50*2 

44 

•B44 

6-t 

1850. 
January 

34*9 
•  44*6 
40*4 
48-4 
51*6 
59-5 
61*6 
69*5 
56*3 
46*6 
471 
42*8 

341 
42*6 
37*8 
46*2 
49*6 
551 
68*4 
57*4 
63*8 
44*2 
451 
41*7 

•8 
2 

2*6 
2*2 
2 

4*4 
3*2 
2*1 
2*5 
2*4 
2 
1*1 

32-9 
40*2 
34*2 
43*6 
47*6 
51*6 
55*8 
55-7 
61*6 
41*3 
42*7 
40 

•932 
•863 
•815 
*854 
•871 
•778 
•836 
•888 
•865 
•840 
•867 
•920 

7-S 
I 

u 

44 

6-8 
6*5 
51 
5*5 
61 
6-9 

February 

March 

April  

l/ay     . 

V  -^  

June  

July    

August  

September  •4« 

October 

November 

December  

Means 

49*4 

44*7 

861 

6*2 

1861. 
Januanr ....» 

44*5 

43*3 

1*2 

41*7 

•917 

7 

Digiti 


zed  by  Google 


BSMABK8  ON  IBM  tililMATa  OF  BOCTHAVPTON. 


68 


Tablb  IV^Wind. 


1848. 

N. 

N.E. 

E. 

8.E. 

8. 

8.W. 

W. 

N.W. 

Force. 

Ftbroarr.. .,.......« 

15 
14 

11 

4 

1 
11 

7 

6 
11 

3 
13 

4 
15 

3 

•t. 

1 

6 
6 
10 
4 
1 
2 
4 
2 
1 
8 

3 
15 
11 
19 
10 
10 

5 
16 
10 

4 
14 

15 
13 

17 
12 

36 
14 

9 

6 
18 
17 
41 
11 

8 
17 

8 

5 
7 
5 
2 
5 
5 
2 
1 
2 
6 
2 

1-4 
•8 
•6 
•5 

1- 

1- 

1- 
•4 
•7 

1- 

11 

March 

Mat 

jdSe .;::::;:::::::: 

Joiy  

Avgatt   

September 

October 

November  

December 

Sums 

73 

78 

25 

39 

117 

Sd 

185 

42 

•8 

1849. 
JeniuuT 

6 
8 

9 

7 

11 

14 

6 

4 

8 

7 

9 

17 

11 
2 
15 
14 
11 
16 
4 

10 

13 

13 

9 

7 

2 

3 
8 

6 
5 
7 

12 
6 
8 
2 
3 
4 
1 

10 
3 

4 
3 
5 
5 
6 
5 
9 
6 
8 
8 
9 
5 

9 

13 

8 

6 

7 

3 

16 

17 

14 

14 

9 

8 

19 

20 

11 

5 

7 

10 

15 

12 

4 

9 

7 

5 

5 

9 
7 
5 
4 

1 
4 
7 
4 
3 
4 
8 

11 
•3 
•2 
•3 

M 
•1 
•3 
•2 
•2 
•2 
•1 
•3 

Febnuiy * 

March 

April  

11^ ;:;:::;:;::::.. 

Jtme  

July     ,.„ 

A«iLJ  

Septembtt 

October  ,..„ 

Norembcar  

Suma 

95 

125 

34 

62 

73 

124 

124 

61 

•37 

1850. 
Januanr ..*.... 

19 
8 

26 
9 

13 
5 

15 

18 
7 

14 
9 
3 

10 

9 
6 
8 
2 
3 

a 

16 

15 

4 

1 

<•* 

8 

"3 

2 

2 

5 

13 

9 

9 

12 

14 

9 

1 

2 

8 

5 
21 

7 

12 
13 
12 

4 
10 

3 

5 

18 
13 

8 

15 

3 

3 

5 

9 

13 

17 

6 

13 

12 

4 

6 
7 
6 
2 
3 
5 
4 
2 
5 
10 
3 
8 

•5 
•5 
•2 
•6 
•3 
•2 
•3 
•3 
•3 
•3 
•4 
•3 

FebmarT.t*.. 

March 

April  

Jmie  1... 

July    

Augnai   

September 

October 

December  «... 

Smua 

141 

77 

34 

38 

86 

168 

108 

61 

•35 

1851. 
Jiiiniry «... 

2 

... 

6 

6 

10 

16 

6 

1 

•5 

Table  V. — Differences  between  the  Readings  of  a  Thermometer  near  the 
fiurface  and  another  one  toot  below. 


1850. 

Thertn. 
aithe 
sur&ce. 

Thefm. 
one  foot 
below  the 
nnnce. 

1850. 

Thenn. 
at  the 
raiface. 

Therm, 
•ne  foot 
below  the 
•ux&ce. 

Jamiaty • 

35-8 
45 

41-8 
544 

hS'f 

69-8 

35-4 

40-8 

39-2 

47 

47-8 

61-5 

Julf    4 

69-5 
661 
63-7 
511 
474 
4M 

Diqiti^ 

61-3 

59-1 

54-5 

471 

46 

40-8    . 

Aniniaf 

April  , 

September 

October 

^  .. 

Noremb^  ....tt... 

"/    ••••_•••• 

December 

)gle 
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On  the  Air  and  Water  of  Toums.    Action  of  Porous  Strata,  Water  tni 
Organic  Matter.    By  Dr.  Robert  Angus  Smith^  Manche$ier. 

It  is  becoming  daily  more  important  to  find  out  from  what  source  it  is  bat 
to  obtain  water  for  great  towns,  and  by  what  means  it  is  to  be  collected.  It 
is  probably  true  that  a  mode  of  supply  suited  to  the  conditions  of  all  parts  of 
the  country  is  not  to  be  our  direct  aim,  as  every  town  must  have  its  supply 
modified  by  its  own  peculiarities  of  position,  but  it  has  still  to  be  settled  vh^ 
water  is  preferable  when  there  is  a  choice  before  us.  I  have  here  put  tog^er 
a  fe>v  facts  and  reasonings  which  seem  to  me  to  deserve  prominence,  wA 
which  have  not,  as  far  as  I  know,  been  sufficiently  dwelt  on. 

Water  has  been  got  from  rivers  and  small  streams,  sometimes  from  tbe 
surface  drainage  of  ground,  and  from  deep  wells  and  springs.  The  use  of 
well-water  is  the  first  that  is  resorted  to  where  there  is  no  stream  or  spring* 
and  where  the  inhabitants  are  not  too  many  to  be  satisfied  with  sueb  aaounfr 
The  water  from  this  mode  of  supply  is  often  exceedingly  pure  and  briliiaot, 
according  to  the  nature  of  the  filtering-bed ;  but  as  most  soils  have  a  good 
filtering-bed  underneath,  want  of  cleanness  is  not  a  common  fault  of  wdk 
There  is  in  fact  a  proverbial  purity  about  springs  and  wells ;  and  roonotaii 
streams  frequently  share  in  receiving  the  same  character  from  the  literary  «od 
poetic  observers  of  nature.  It  is  interesting  to  know  how  this  purity  is  attained. 
There  are  many. springs  which  never  become  muddy,  which  possess  a  con- 
stant brilliancy,  which  never  become  cool  in  winter  and  never  warm  in  sum- 
mer. They  seem  to  be  unaffected  by  what  is  going  on  at  the  surface  of  tk 
ground.  From  this  it  appears  that  there  is  a  purifying  heat-regulatii^ 
actiou  going  on  beneath.  The  surface-water  from  the  same  place,  even  if 
filtered  so  as  to  become  clear,  has  not  the  same  purity,  t.  e.  the  same  freedon 
from  organic  matter  or  the  same  brilliancy ;  neither  has  it  the  same  amonnt 
of  carbonic  acid  or  the  same  quantity  of  oxygen  in  it.  There  are  influeoca 
therefore  at  work,  under  ground,  which  are  not  at  work  on  the  surface. 

The  rain  which  falls  has  not  the  same  purity,  although  it  conies  directly  fron 
the  clouds ;  it  may  even  be  wanting  in  cleannesss,  as  is  often  the  case ;  it  may 
be  nauseous  to  the  taste,  and  be  wanting  in  carbonic  acid  and  in  oxygeo.  It 
never  has  the  brilliancy  of  the  spring  water,  nor  is  it  so  fVee  from  oi^ic 
matter.  For  these  reas^ons  ail  the  world  has  admired  spring  water.  Tbe 
mountain  streams  have  had  their  share  of  admiration,  and  sometimes  tbey 
equal  the  spring  water.  Spring  water  and  well  water  are  of  course  esseo- 
tially  the  same ;  both  have  passed  through  a  considerable  depth  of  soil.  The 
well  has  been  dug  in  order  to  convert  a  portion  of  the  surrounding  ground 
into  a  filter,  and  in  order  to  make  a  depositing  place  for  the  water  wbiob 
trickles  through.  The  spring  has  made  its  way  through  similar  passage^ 
sometimes  easily  traced,  and  has  the  advantage  of  coming  to  the  surface  clear, 
without  any  such  accidents  as  may  occur  to  disturb  the  purity  of  a  well.  I" 
many  parts  of  the  country  these  springs  are  hard  ;  they  often  go  through  a 
great  extent  of  soil  and  collect  a  considerable  amount  of  inorganic  salt^ 
varying,  from  the  strong  solutions  found  at  celebrated  watering-places,  to  the 
milder  form  of  a  few  degrees  of  hardness.  Whilst  the  inorganic  matter  in- 
creases with  the  depth  of  the  flow  of  water,  the  organic  matter  decreases,  and 
may  be  said  entirely  to  disappear.  This  is  accomplished  even  at  a  depth  not 
very  great.  It  always  happens,  except  when  the  well  is  not  sufficient^ 
sheltered  from  the  surface-water,  either  from  the  soil  being  too  porous  in 
proportion  to  the  depth,  or  from  the  surface-water  having  in  some  way  a  too 
ready  passage  into  the  well. 

In  examining  this  matter,  I  have  been  struck  with  the  numerous  caac* 
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of  this  kind  wbioh  happen  in  country  places;  the  well  is  pat  in  a  garden  or 
inck  yard,and  often  very  little  defended.  The  number  of  cases  of  sickness  from 
these  causes  is,  I  am  inclined  to  think,  greater  than  is  believed.  Although 
it  is  not  my  province  to  examine  the  matter  in  a  medical  point  of  view,  I  have 
had  opportunities  of  perceiving,  partly  alone,  partly  in  conjunction  with  me- 
dical men,  that  there  are  constantly  occurring  cases  which  seem  to  be  brought 
on  or  aggravated  by  the  state  of  the  wells.  The  impurities  which  occur  in 
the  country  wells  are  chiefly  organic  matter.  This  is  knoyn  by  its  decom« 
position,  a  small  amount  producing  a  disagreeable  smell  and  taste,  and  at  the 
same  time  a  dullness  in  the  water,  so  that  it  makes  itself  known  to  us  by  three 
of  oar  senses.  If  it  is  merely  surface-water  somewhat  cleared  by  standing  still,  ' 
it  will  make  itself  known  by  depositing  a  great  amount  of  green  vegetation, 
when  a  little  is  allowed  to  stand  in  a  clear  bottle.  The  remedy  for  this  evil 
is  not  difficult,  and  probably  very  well  known.  It  consists  in  defending  the 
OQtranee  of  water  into  the  well  in  such  a  manner  that  the  water  shall  be  fil- 
tered. If  a  well  be  badly  supplied  with  filtering  material,  the  use  of  sand  will 
Bske  a  good  filter,  placed  round  the  well  so  that  the  water  may  pass  down 
and  bubble  up  like  a  spring  from  the  bottom.  In  the  country  the  organic- 
impurity  may  be  easily  removed  in  this  manner ;  but  in  the  town,  or  near 
oes^ols  and  similar  places,  the  impurity,  if  removed,  leaves  behind  it  an 
•ofortonate  result, — the  formation  of  nitrates  and  increase  of  chlorides,  and 
often  of  other  salts,  chiefly  of  lime.  This  water  may  be  perfectly  clear  and 
often  is  brilliant ;  and  some  people  do  not  discover  a  nauseous  taste  until  the 
solution  of  salts  becomes  so  strong  as  to  give  the  water  the  sluggish  flow  of 
oil.  So  little  is  the  taste  of  good  water  known  in  a  town,  that  water,  which 
to  an  ordinary  taste  was  nauseous  and  almost  painful,  has  been  in  use  for 
years  by  people  who  might  rationally  have  been  expected  to  know  better. 

This  complete  nitrification  and  thorough  removal  of  the  organic  matter 
oecurs  chiefly  in  town  wells,  the  complete  change  being  much  less  frequent 
in  the  country;  the  cause  of  this  lies,  no  doubt,  in  the  slower  and  more 
thorough  filtration,  and  therefore  the  more  elaborate  cleansing  when  passed 
through  a  hard  soil,  and  in  the  removal  of  the  rain-water  by  surface-drainage 
or  by  sewers  before  it  is  allowed  to  weaken  the  solutions  by  being  absorbed 
into  the  soil.  The  amount  of  organic  matter  which  is  removed  or  altered  in 
^  way  is  surprising,  and  the  power  of  effecting  this  transformation  is  a 
nost  important  and  valuable  part  of  the  functions  of  a  soil.  Of  course 
the  same  change  takes  place  in  country  places,  in  gardens,  for  example,  well 
ornamented  and  not  well  drained,  where  the  water  has  much  organic  matter 
in  solution  and  stands  long  on  the  soil.  This  change  takes  place  very  close 
to  the  cesspool  or  to  the  source  of  the  flow  of  organic  matter,  and  at  a  very 
short  distance  water  may  be  found  containing  very  little  besides  inorganic 
Mits.  Very  near  a  sewer,  in  one  of  the  worst  streets  in  Manchester,  I  found 
ttnd  which  was  almost  free  from  organic  matter,  although  the  drain  had  given 
vay  and  was  allowing  the  sand  to  absorb  whatever  it  could.  The  same  ob« 
ienration  was  made  on  the  sand  of  a  churchyard  in  which  burials  were  very 
^nent,  showing  the  great  advantage  of  a  porous  soil  in  removing  offensive 
Burials  by  an  agency  within  itself,  preventing  the  corruption  of  the  atmo- 
q>here  to  an  extent  greater  or  less,  according  as  the  powers  of  the  soil  are 
wider-  or  over-taxed. 

As  an  agent  for  purifying  towns  this  oxidation  of  organic  matter  is  one  of 
the  most  marvellous,  we  might  almost  say,  and  necessary.  If  the  impure 
organic  matter  were  taken  underground  by  the  natural  flow  of  water,  the 
tate  of  the  subsoil  would  become  pestilential  in  the  extreme,  and  towns  could 
M  b^  inbabitod  without  such  careful  drainage  as  we  have  never  yet  seen  ; 
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in  fact  the  soil  would  require  to  be  impeoetrable.     To  inhabit  a  place  fort 
few  mouths  would  be  to  make  it  unhealthy.     Instead  of  such  a  result,  ve 
have  the  soil  of  towns,  which  have  been  inhabited  for  centuries,  f(^  a  time 
longer  than  history  can  tell  us  of,  in  a  better  state  than  the  soil  round  muj 
a  country-house.     St.  Paul's  churchyanl  may  he  looked  on  as  one  of  tk 
oldest  parts  of  Liondon,  I  suppose ;  the  water  there  is  remarkably  free  fron 
organic  matter,  and  the  drainage  of  the  soil  is  such  that  there  is  very  little  if 
any  salts  of  nitric  acid  in  it,     A  well  at  Tower  Hill  was  in  a  similar  oo»& 
tion,  but  not  so  thoroughly  nitrated.     Of  course  there  are  parts  of  a  tofB 
where  the  matter  becomes  too  great  to  be  managed  well,  and  being  combiiM^ 
with  bad  drainage,  even  the  active  state  of  the  subsoil,  which  seems  to  do 
its  utmost  to  destroy  all  the  elements  of  disease  which  enter  into  it,  is  doA 
sufficient  to  remove  the  amount  continually  supplied  to  it  from  some  hundred 
acres  of  closely-built  ground.     Even  in  these  cases  however  we  are  iww 
surprised  at  the  comparative  purity  of  the  subsoil  than  at  the  impurity.  Ai 
it  is,  the  impurity  of  the  subsoil  in  certain  parts  of  towns  requires  proof;  ud 
although  proof  can  be  got  and  is  got,  without  this  action  of  the  soil  tk 
proof  would  stare  us  all  painfully  in  the  face  and  hunt  us  out  of  its  vicinitj. 
It  has  become  necessary  to  prove  the  great  amount  of  evil  resulting  hat 
burial  in  towns,  whilst  the  enormous  amount  of  organic  matter  has  diap* 
peared  rapidly  from  our  view,  and  the  evil  seems  only  to  become  distiudto 
US  when  the  mould  of  the  churchyard  has  become  in  a  great  measure  t« 
remains  of  organized  beings. 

If  soil  has  such  a  power  to  decompose  by  oxidation,  we  want  to  know  bow^ 
gets  so  much  of  its  oxygen,  and  here  there  appears  a  difficulty ;  we  m^ 
however,  look  at  once  to  the  air  as  the  only  source,  and  see  how  it  can  funii* 
the  supply.  When  water  becomes  deprived  of  its  oxygen,  it  very  soon  tito 
it  up  again.  If  water  be  deprived  of  its  oxygen  by  the  use  of  sulphate rf 
iron,  so  as  to  make  a  white  precipitate  of  protoxide  of  iron,  or  if  it  be  de- 
prived of  it  by  boiling,  and  a  little  white  precipitated  protoxide  of  iron  plt«* 
at  the  bottom,  it  will  be  found  that  a  few  minutes  will  give  some  colour  to  ite 
iron.  It  will  pass  through  the  blue  and  almost  black  stages  to  the  yellovi^ 
brown,  taking  the  oxygen  from  the  water,  which  again  supplies  itself  from  l^ 
air,  and  is  in  fact  a  kind  of  porous  medium  for  the  gas.  Thi^  shows  us  naSf 
how  the  soil  may  be  oxidized,  how  the  nitric  acid  may  be  formed  under  tie 
surface  of  town  soil.  We  do  not  in  fact  find  it  formed  at  great  depths,  butf« 
find  it  formed  in  undrained  places  which  have  no  other  source  of  oxjge* 
It  may  seem  a  trifling  matter  to  explain  this,  but  it  was  a  difficulty  to  me^ 
see  how  the  oxygen  could  be  collected  in  some  of  the  almost  subterraoeiB 
circumstances  in  which  it  accumulated.  Water  from  wells  in  a  soil  like  tlA 
continually  obliged  to  force  oxidation,  is  sufficiently  objectionable,  and  il 
requires  no  eloquence  to  deter  people  from  using  it  when  they  once  know* 
Perhaps,  however,  when  the  nitrates  are  in  not  verj'  large  quantities,  wbfB 
they  cannot  be  tasted,  the  water  may  be  reasonably  considered  much  hett^ 
than  any  water  with  matter  in  it  liable  to  putrefactive  decomposition, «» 
the  general  testimony  of  tradition  is  to  consider  it  so. 

It  appears,  in  fact,  that  organic  matter  is  incapable  of  passing  deep  io^* 
soil ;  by  conversion  into  soluble  salts  it  becomes  soluble,  and  by  that  means il 
is  easily  washed  away  in  an  inorganic  state.  When  this  occurs  in  the  coaatrji 
the  use  of  it  is  not  so  apparent  as  when  it  occurs  in  a  town.  When  ^^j 
a  great  excess  of  organic  matter  on  the  surface  of  the  ground,  it  doesf 
course  decompose,  and  the  results  are  bad  for  health ;  and  if  ammonia  ^ 
formed  too  rapidly,  bad  also  for  the  soil,  which  loses  its  food  for  plants.  T^ 
formation  of  nitrates  prevents  the  passage  of  nitrogen  into  the  atmoepb^  ^ 
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tobfects  the  soil  however  to  a  loss  by  drainage.  The  use  of  nitrates  as  a 
maoure  has  long  been  known  to  be  valuable ;  our  old  English  philosophers 
have  been  well-aware  of  it,  for  example,  Boyle  and  Bacon.  Before  the  nitre 
can  be  formed  in  the  soil,  the  ammonia  must  be  oxidized ;  and  before  it  can 
be  used  as  food  for  plants,  the  process  must  be  reversed  and  it  must  become 
deoxidized.  The  oxygen  thus  stored  up  may  then  readily  be  applied  for  rapid 
oxidation  when  this  is  wanted,  and  in  this  way  it  becomes  a  kind  of  concen- 
trated atmosphere,  a  source  of  air  by  which  to  form  carbonic  acid  from  the 
mould  of  the  soil.  We  can  readily  view  it  as  a  great  stimulator  of  vegetable 
life,  besides  being  a  source  of  nitrogen  to  feed  the  plants.  In  dry  climates, 
perhaps  it  might  be  viewed  as  a  supply  of  water,  as  we  might  readily  consider 
it  formed  by  the  union  of  the  oxygen  with  the  hydrogen  of  substances  in  the 
gropnd.  The  organic  matter  in  a  soil  may  be  supposed  to  decompose  in 
two  methods,  by  the  formation  of  ammonia  and  of  nitric  acid.  If  the  soil  b 
very  alkaline  and  moist,  the  conversion  of  the  organic  matter  into  ammo- 
niaeal  compounds  is  very  rapid.  I  put  some  soil,  not  very  rich  in  organic 
matter,  into  this  condition  by  the  assistance  of  a  little  ammonia  so  as  to  make 
it  alkaline,  and  the  consequence  was  the  rapid  occurrence  of  a  veiy  intense 
putrefactive  decomposition,  not  in  any  way  differing,  as  far  as  could  be  per- 
ceived, from  that  of  ordinary  putrefaction  of  animal  and  vegetable  matter. 
These  nauseous  and  unwholesome  odours  are  therefore  possible  from  the 
ordinary  soil  of  our  fields ;  but  any  occurrence  such  as  this  on  a  large  scale 
would  be  disastrous,  and  the  ground  is  protected  from  it  by  an  almost  con- 
stant acidity,  which  sometimes  increases  so  as  to  be  injurious,  forming  what 
is  called  sour  land.  This  very  acid  state  generally  occurs  in  wet  land,  where 
it  Is  probable  that  alkalinity  would  be  most  injuriouti,  but  the  soil  may  be 
found  alkaline  in  a  well-manured  garden  and  where  the  ground  is  dry  without 
apparent  injury.  The  other  mode  in  which  the  organic  matter  may  decom- 
pose is  by  the  formation  of  nitric  acid,  the  nitrogen  obtaining  oxygen  indi- 
rectly from  the  air,  and  so  providing  against  the  excess  of  ammonia  which 
might  readily  occur  in  certain  soils,  producing  results  which  would  be  fatal 
to  animal  life,  if  not  provided  for  by  an  enormous  vegetation.  A 1 1  he  same  time 
it  does  seem  reasonable  to  suppose  that  the  cause  of  a  diseased  climate  may 
fi^nently  be  found  in  such  a  decomposition  as  that  mentioned,  when  too 
much  ammonia  has  been  formed,  or  too  little  nitrogen  has  been  removed 
by  the  formation  of  nitric  acid.  All  the  circumstances  may  be  found  for  the 
purpose,  abundance  of  nitrogen  compounds  and  moisture ;  even  a  warm 
climate  is  nut  essential.  And  it  also  seems  reasonable  to  suppose  that  the 
formation  of  nitric  acid  is  one  of  the  means  by  which  such  evib  are  avoided, 
whether  in  town  drainage,  m  here  it  becomes  evident  from  the  great  amount 
foond,  or  in  the  imperfectly  drained  and  rich,  although  not  swampy  lands  of 
tropical  climates,  where  the  large  amount  of  nitrogen,  if  converted  into  am* 
monia,  would  no  doubt  produce  the  worst  effects. 

Water  alone  on  soil  often  becomes  too  saturated  with  organic  matter  for 
use,  and  either  attacks  also  the  living  plants,  or  induces  circumstances  which 
forbid  them  to  grow.  Let  us  suppose  the  soil  dried  up ;  the  decomposition 
wodd  cease,  and  the  nitrates  formed  would  come  out  in  efflorescence.  Let 
u  suppose  it  not  dried,  but  kept  constantly  moist  and  cold,  and  we  have  the 
groand  in  a  state  described  in  a  very  interesting  manner  by  Bemardini  Ra- 
Biazzini,  producing  a  dbease  which  is  not  unlike  the  potatoe  disease  with  us, 
tnd  although  perhaps  not  directly  bearing  on  my  subject,  may  yet  come  in 
hy  a  natural  association.  A  wet  and  mild  winter  in  the  territory  of  Modena 
vas  followed  by  a  summer  of  a  similar  kind,  and  ''  the  sound  of  the  grass- 
^pper  gave  way  to  the  croaking  of  frogs."    The  crops  were  destroyed  and 
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the  fish  increased  in  such  quantities  as  was  not  before  known  on  any  (nerioii 
year,  so  **  that  Neptune,  instead  of  Ceres,  supplied  food"  to  the  ooimtiy. 
About  the  beginning  of  June  there  appeared  on  vegetation  a  form  of  nh 
bigoy  a  rusty  withered  appearance ;  the  same  disease  had  occurred  the  ycu 
before,  which  had  also  been  very  wet,  although  in  a  less  degree.  This  diaatt 
increased  in  spite  of  all  prudential  care,  beginning  with  the  mulberry  wbA 
attacking  afterwards  the  beans  very  fiercely.  This  began  in  low  putrid 
places,  but  it  afterwards  made  its  way  into  elevated  situations.  He  ujh 
**  Lttctuosum  sane  ac  deplorandum  spectaculum  omnium  oculis  fnit,  ctmpoi 
circumquaque  non  virentes,  sed  atratos  ac  fuliginosos  intueri.  Anoo  prases 
dente,  rubro  colore,  hoc  anno  non  creta  sed  carbone  notando.'*  "  It  vas  i 
melancholy  sight  and  painful  to  every  one  to  look  on  the  fields,  which,  ioftttd 
of  being  green  and  healthy,  were  everywhere  black  and  sooty.  The  fonsa 
year  might  be  marked  red,  but  this  year  must  be  marked,  not  with  white, b«i 
black.". .  . .  **  The  very  animals  returned  the  food  which  they  had  eaten,  it  mi 
so  nauseous  ....  the  sheep  and  the  silk-worms  perished  ....  the  bees  vest 
timidly  to  work  with  their  honey-making  ....  the  waters  became  corrupt  ud 
fevers  attacked  the  inhabitants,  chiefly  the  country  people,  such  as  lirsd  ifi 
the  wet  lands." 

If  the  rain  falls  on  land  where  plants  are  decomposing  it  will  not  be  fit  ftr 
domestic  use,  unless  passed  through  strata  deep  enough  to  clear  it ;  and  wtttf 
of  this  kind,  although  not  so  bad  as  that  described  at  Modena^  will  be  fosad 
more  or  less  to  make  up  rivers  which  surface-drain  rich  lands.  Thb  viUr 
Is  always  liable  to  deposit  a  large  amount  of  green  matter,  and  often  in  great 
quantities,  with  abundant  animalcules.  One  may  even  tell  this  kiodof 
water  by  burning  the  residuum  from  boiling ;  if  it  has  a  vegetable  odour,  'i 
will  after  a  time  deposit  vegetation  and  animalcules  interspersed ;  if  it  1* 
an  animal  odour,  having  much  nitrogen,  the  animalcules  will  be  of  a  differei^ 
kind;  if  it  has  a  peaty  odour  only,  having  no  albumen,  it  will  produce  little 
or  no  deposit  It  becomes  therefore  a  matter  of  great  importance,  when 
examining  waters  for  use,  to  find  what  becomes  of  them  ader  standing  awhiifr 
To  say  how  much  organic  matter  is  in  them  is  not  enough,  but  it  is  import* 
ant  to  know  its  quality.  This  difference  of  quality  is  the  most  important 
thing  to  know ;  suppose  a  specimen  having  merely  humus  in  solution  tf 
crenic  acid,  an  analysis  would  put  it  in  a  very  inferior  condition  to  a  specimo 
of  water  having  organic  matter  from  rich  fields,  which  water  had  never  psaaed 
through  the  soil,  or  water  which  had  passed  by  towns  and  had  in  it  matter  Aob 
the  town  sewers.  The  first  would  be  shown  by  mere  chemical  analysis  to  lie 
the  worst,  having  a  larger  quantity  of  organic  matter ;  the  result  by  standiBg 
would  show  the  superiority.  Water  may  pass  by  towns,  and  after  st»ndi«g 
a  little  be  very  clear ;  if  kept  still  longer  and  in  a  suitable  place,  it  vill  de* 
posit  its  impurities  in  an  organized  state ;  it  may  be  filtered  again,  and  sgv^ 
deposit  impurities.  The  matter  is  in  solution ;  and  very  clear  river  and  oth* 
water  is  often  found  in  this  condition.  It  is  therefore  most  important,  aa  an 
element  in  the  appreciation  of  water,  to  find  the  amount  of  orgcam^ 
matter  in  it. 

The  water  from  rivers  which  have  run  far  is  apt  to  contain  salts  of  vsrvNtf 
kinds,  besides  those  contributing  to  hardness,  and  in  this  they  seem  to  agre* 
with  water  from  cultivated  land.  This  would  agree  also  with  the  deep 
drain-water  from  cultivated  land,  so  far  as  inorganic  salts  are  concerned.  » 
water  contains  lime  as  a  carbonate,  the  hardness  and  the  amount  of  ^ 
ought  to  be  the  same.  This  occurs  at  the  sources  of  the  Thames,  wfaerSi  i*  { 
two  instances,  the  hardness  was  rather  greater  than  the  whole  amount  of  is* 
organic  matter.    This  is  to  be  accounted  for  by  the  excess  of  carbooio  9ff^ 
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decompoBing  a  little  of  the  soap  used  to  test  for  hardncM.  These  waters 
came  out  of  the  inorganic  strata  direct :  the  difference  in  this  respect  may 
be  seen  bj  the  following  specimens :— -  laorganic  matter 

in  a  gallon.  Hardness. 

Drain  4-feet  deep,  near  Manchester 8*4     ,  • .     4*2 

Another  on  the  higher  grounds,  less  culti- 1        ^^  g,,-- 

vated  land  and  shallow  drain J  

Another  on  bog-land 7*       3*75 

Water  near  the  soil 30*8     ./ 7'4'7 

Well  at  Stretford  near  Manchester,  badly- 1      g^.  ^  j^.^^ 

drained  garden  land J 

■    ,  another  near  it 29*7     15*5 

Thames  at  London  Bridge 29-06 *    15-5 

From  an  underground  street-cistern 4^'05 15*5 

Thames  at  Oxford   17-25 16- 

Thames  at  Seven  Springs 12-25 1275 

.  Thames  at  Andover  Ford 13-3     13-88 

Higher  up  the  river  the  extraneous  salts  diminish  as  well  as  the  ashes  of 
the  organic  substances.  The  best-drained  land  (the  first  two)  has  very  little 
in  excess,  but  the  badly-drained  land. has  a  great  deal  in  excess.  The  under- 
ground cistern,  with  many  impurities,  may  be  looked  on  as  water  of  very  badly- 
drained  land,  and  is  the  worst ;  it  was  taken  from  a  court  in  London.  There 
might  be  many  instances  given  of  the  same  kind  from  wells  and  elsewhere. 
If  we  take  the  excess  of  inorganic  matter  over  hardness,  we  shall  have  :-* 

Bxceas  of  morganic  matter  over  hardneu  • 
grs.  per  gaUou. 

4?  foot  drain 4-2 

Shallow  drain  in  poor  land 1*85 

Bog-land  drain 3*25 

Water  near  the  soil 22-33 

Stretford,  Ist 872 

Stretford,  2nd    13-2 

Thames,  London  Bridge 17* 

Cistern  in  London  (underground)  .  • .  •      27*55 

Thames,  Oxford    1-25 

Thames,  Seven  Springs 0*5  below. 

Thames,  A  ndover  Ford    0*58  minus. 

Thames,  at  Kemble *6  above. 

Chelsea,  filtered 8*528 

Windsor     6-51 

New  River 6-4a 

Apparently  then  the  difficulty  of  obtaining  water  free  from  impurity  in- 
creases as  we  go  down  a  river,  and  as  we  come  to  cultivated  land.  The  deep 
drain-water  of  cultivated  land,  although  having  more  inorganic  matter,  is 
not  in  other  respects  to  be  objected  to.  I  have  several  specimens,  which, 
After  standing  a  long  time,  have  deposited  organic  matter  only  in  very  minute 
quantities,  and  are  in  fact  equal  to  well-water  of  considerable  depth.  The 
orgaDiaabie  matter  seems  to  have  been  removed,  although  the  organic 
natter  is  not  entirely  removed,  the  only  thin<;  remaining  being  some  of  the 
highly  carbonaceous  compounds  of  the  soil.  Its  superiority  over  river-water. 
Which  consists  often  of  drainage  water  from  the  mere  surface,  cannot  there- 
fore be  questioned,  except  when  the  river-water  itself  is  composed  of  the 
uader-drainage  of  a  country,  or  the  drainage  of  such  barren  tracts  as  give  off 
UtUa  organio  matter^  Qr  readily  part  with  it. 
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There  is  a  not  very  distinct  idea  common  enough  with  regard  to  viler, 
that  it  decomposes  or  becomes  putrid.  Now,  properly  speaking,  this  caniwt 
be ;  it  is  entirely  unchanged  in  all  situations ;  but  as  a  vehicle  for  impurity,  it 
may  be  said  in  popular  language  to  become  putrid.  Water  does  not  become 
putrid  therefore  in  any  sense  but  Uiis,  that  the  matter  which  it  has  in  solo- 
tion  becomes  decomposed  ;  this  putrefiable  matter  is  obtained  by  the  passage 
of  the  water  over  the  soil  or  out  of  the  soil  at  a  depth  not  sufficiently  giwt 
for  its  removal.  Sir  Humphry  Davy  says,  "  Common  river-water  geoeraDy 
contains  a  certain  portion  of  organizable  matter  which  is  much  greater  after 
rains  than  at  other  times,  and  which  exists  in  largest  quantity  when  the  stream 
rises  in  a  cultivated  country.'*  A  good  deal  of  this  matter  is  in  very  fine 
suspension,  and  without  making  it  appear  very  turbid  takes  away  at  least  frwa 
the  brilliancy  of  the  water.  To  give  instances  will  be  unnecessary;  water 
taken  from  the  surface  and  allowed  to  stand,  and  water  from  a  deep  well,flr 
water  taken  from  a  drain  which  runs  clear,  may  be  compared  easily  bj  any 
one.  The  soil  contains  an  abundance  of  organic  matter,  but  the  under  «il 
contains  little  or  none,  diminishing  as  we  go  down.  The  line  of  demarcadoi 
between  the  organic  and  inorganic  portion  of  the  soil  is  very  distinct;  if 
water  be  filtered  through  the  upper  soil  even  for  a  great  length  of  time,  the 
organic  matter  is  not  removed  from  it ;  it  will  even  be  dissolved  out,  whereas 
the  soil  immediately  below  it  has  first  very  little  and  then  no  organic  matter 
in  it,  whilst  the  constant  draining  downwards  does  not  drag  down  to  it  the 
soil  of  the  surface ;  the  two  remain  distinct  portions  of  the  organism,  so  td 
speak,  of  the  soil.  The  use  of  this  is  also  sufficiently  clear ;  in  growing,  the 
plants  require  that  the  food  should  be  in  solution,  and  the  water  dissolves  it; 
but  when  it  passes  away  the  plants  require  that  it  should  leave  the  food  be- 
hind it,  and  accordingly  it  leaves  it. 

Although  the  soil  is  acid,  it  is  worthy  of  remark  that  waters  flowing 
from  soils,  river-waters  and  well-waters  are  alkaline,  made  so  by  liitt- 
salts  generally,  and  also  by  magnesian  and  alkaline  salts.  It  is  remarkaUe 
with  what  rapidity  the  lime  is  dissolved,  and  how  steadily  the  hardness  of  the 
water  is  preserved  at  one  point  for  yeara.  The  acidity  of  the  soil  must  M 
be  neutralized  by  the  lime,  and  an  additional  quantity  be  then  taken  up, the 
lime  compound  being  retained  in  the  filtering  medium,  and  the  organic  mat' 
ter  thereby  prevented  from  removal.  But  the  power  of  the  soil  to  retail 
matter  does  not  depend  on  any  mere  formation  of  insoluble  compounds,  oa 
alkalinity  and  acidity  ;  but  entirely  on  the  action  as  a  fiher  on  what  may 
perhapd  be  termed  its  mechanical  power,  although  it  is  not  purely  so. 

To  show  this,  a  solution  of  peaty  matter  was  made  in  ammonia ;  the  sola- 
tion  was  very  dark,  so  that  some  colour  was  perceived  through  a  film  only  tiie 
twentieth  of' an  inch  in  thickness.  This  was  filtered  through  sand,  and  cnpe 
through  perfectly  clear  and  colon rless^  having  still  a  great  excess  of  ammoois- 

Acetic  acid  was  added  to  it  until  it  became  acid ;  this  solution  was  perfect^ 
clear  (I  may  mention  that  acetic  acid  does  not  dissolve  it  if  used  first);  it 
passed  acid  through  the  filter  of  sand,  and  became  colourless. 

Thinking  to  try  the  power  of  such  a  filter,  I  dissolved  some  organic  matter 
in  strong  sulphuric  acid,  to  see  if  the  strength  of  the  acid  would  not  act  as  a 
counter  agent  to  the  great  decomposing  power  of  the  sand.  The  acid  wa» 
allowed  to  pass  through  almost  pure,  although  the  depth  was  only  about  fotf 
inches. 

The  same  was  tried  with  muriatic  acid,  which  was  black  by  the  mixture  of 
some  organic  substance  ;  it  passed  through  the  sand  rapidly,  and  was  in  M 
brilliant. 

Sometimes,  if  the  purifying  is  not  completed  by  merely  passing  throng 
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the  sand,  it  Is  completely  done  by  simply  allowing  it  to  stand  in  contact  with 
the  sand.  This  would  seem  to  indicate  that  the  action  was  in  a  great  mea- 
sure, if  not  entirely  mechanical ;  at  the  same  time  it  is  not  an  action  which 
takes  place  in  a  moment ;  some  time  is  required  for  it. 

If  the  water  is  driven  too  rapidly  on  it  will  not  be  filtered,  and  wells  in 
vet  weather  often  indicate  this  by  becoming  turbid.  It  is  true  that  beco- 
ming turbid  is  different  from  discoloration,  but  the  particles  which  are  carried 
forward  by  the  water  are  frequently  those  which  have  organic  matter  in  them, 
as  may  be  shown  by  the  deposit* on  standing.  Time,  however,  is  wanted; 
as  a  continued  standing  with  the  sand  shows,  and  as  the  slow  percolation 
through  soil  also  shows,  the  purification  is  most  complete  when  the  passage 
of  the  water  is  continued  for  some  time.  A  case  was  related  to  me  by  a 
gentleman  who  had  attempted  to  filter  beer  through  a  barrel  of  sand  and 
charcoal ;  the  filter  was  too  strong  for  it,  and  it  came  through  pure  water* 
I  may  add,  from  my  own  experiments,  that  a  bottle  of  porter  after  standing 
some  time  was  made  into  a  bottle  of  something  like  ale,  the  dark  colouring 
matter  quite  removed,  and  the  taste  nearly  destroyed. 

The  material  of  the  filter  is  also  of  inferior  importance;  one  of  the  best 
filters  which  I  have  made,  as  far  as  clearing  of  the  water  is  concerned,  was 
of  steel  filings ;  the  water  was  of  course  rather  a  chalybeate.  Oxide  of  iron 
and  oxide  of  manganese  made  very  good  filters ;  pounded  bricks  also,  as  far 
as  clearness  is  concerned,  and  mere  removal  of  colour  from  the  water. 

Filtration,  therefore,  has  another  object  in  view  besides  the  mere  straining 
through  a  substance,  the  pores  of  which  are  not  sufincieutly  large  to  allow  the 
larger  pieces  to  pass.  The  removal  of  organic  matter  in  solution  is  one  im- 
portant object,  as  well  as  the  formation  of  nitrates  in  some  conditions.  The 
passage  through  the  soil  is  very  slow,  and  the  complete  act  of  filtration  has 
time  to  be  elaborated.  We  sometimes  see  water  flowing  from  land  having 
only  a  slight  moisture  visible  in  it,  and  we  see  from  whole  acres  a  mere 
dropping  from  the  drains.  We  know,  too,  that  water  is  kept  close  in  contact 
with  surfaces,  so  much  so  as  to  give  us  the  idea  of  very  great  force.  It  will 
not  pass  through  a  porous  substance  unless  its  place  is  supplied  by  other 
water;  it  will  not  keep  its  level  in  such  situations  as  it  does  in  a  free  state. 
We  may  imagine,  then,  the  great  amount  of  surface  with  which  it  must 
come  in  contact,  moving  slowly  through  acres  and  sometimes  miles  of 
soil 

Mere  freedom  from  matter  in  suspension  is  got  very  readily  by  the  use 
of  fine  porous  substances ;  the  upper  soil  itself  will  take  away  matter  in  sus- 
pension ;  and  peat  .will  do  so  readily,  sometimes  without  giving  any  colour 
to  the  water.  Mere  fineness  of  pores  is  not  therefore  what  is  wanted,  as  the 
finest  part  of  the  soil  is  uppermost. 

Rivers  have  often  a  brown  colour,  arising  from  clayey  particles  in  union 
or  in  conjunction  with  organic  matter ;  that  is,  the  water  in  these  cases,  if 
allowed  to  stand,  does  not  deposit  mere  mud,  but  also  organized  bodies,  the 
same  circumstances  which  bring  one,  bringing  also  the  other.  Motion 
through  soil  with  fine  particles  in  it  requires  to  be  slow,  otherwise  there  is 
turbid  water  formed.  It  is  remarkable  how  bright  most  of  the  chalk  waters 
are ;  although  hard,  the  chalk  removes  the  fine  substances  that  are  so  often 
found  suspended  in  water  like  small  hairs,  or  in  an  invisible  form,  causing  only 
a  dullness  of  appearance.  This  mechanical  action  is  not  difficult  to  procure^ 
as  even  in  a  laboratory  the  most  brilliant  solutions  are  obtained  by  the  use  of 
paper  only.  Some  substances  are  readily  filtered  out ;  others  are  very  diffi- 
cult to  filter,  and  some  cannot  be  filtered ;  some  will  not  filter  in  water,  but  will 
readily  in  acid.    There  does  appear  to  be  an  action  by  which  a  substance 
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attracts  all  the  impurities  in  water,  or  envelopes  them  in  itselfi  as  alum  or 
albumen  or  lime  is  used  to  clear  water,  but  I  don't  see  any  of  these  acting  to 
cleanse  the  streams  to  any  extent. 

The  decoloration  of  water  is  not  so  striking  on  cultivated  laud,  becsoH 
the  colour  is  not  so  great;  but  the  colour  on  the  hills  which  are  covered  vitk 
peat  is  of  a  deep  brown,  and  it  is  curious  that  we  have  from  sack  places  die 
finest  water. 

I  have  observed  in  several  places  tliat  where  the  brown  streams  have  beea 
led  into  reservoirs  on  the  top  of  the  hill,  or  on  the  sides  of  the  hill,  or  even  si 
the  bottom  of  the  hill,  these  reservoirs  have  continued  brown.  The  canslsks 
from  Leeds  to  Manchester  is  brown,  although  tlie  water  is  brought  down  s 
considerable  distance.  When  these  streams  are  led  through  artificial  conduits 
or  pipes,  they  do  not  become  colourless ;  at  least  the  Sheffield  water,  although 
it  may  clear  itself  to  some  extent  on  the  way,  is  still  delivered  in  the  town  of 
a  decidedly  peaty  colour.  It  is  believed  that  plants  obtain  carbonic  acid  bf 
the  oxidation  of  humus  and  analogous  substances ;  but  it  is  difficult  to  believs 
that  in  the  course  of  a  few  miles  so  much  oxidation  should  take  place  on  the 
surface  of  a  stream  as  to  remove  colour.  Manj  of  the  streams  come  out  pore 
from  the  hill,and)  although  from  a  bed  of  peat  of  great  thickness,  are  brillisnt 
and  colourless.  These  hills  may  be  found  covered  above,  and  in  all  hoUov 
and  flat  places,  with  water  which  is  of  a  deep  brown  colour,  and  strong  tsste. 
It  has  been  said  that  the  purification  is  made  by  the  dashing  among  the  peb* 
bles  and  mingling  with  the  air,  but  the  most  highly-aerated  water  is  not  found 
in  these  streams.  If  this  were  a  very  important  agent  in  purifying  a  short 
water-course,  the  streams  would  have  around  them  an  atmosphere  of  ca^ 
bonic  acid,  or  they  would  sparkle  with  increased  beauty  as  they  proceeded, 
until  they  bubbled  with  carbonic  acid.  I  have  never  traced  a  stream  in  thif 
state  of  purification ;  there  is  generally  an  influx  of  other  water  from  variou 
points  which  influence  its  purity,  and  which  probably  contribute  more  to  it 
than  the  action  of  the  air.  It  is  curious,  too,  that  the  streams  are  brighter 
in  summer,  although  the  water  dissolves  more  peaty  matter;  for  then  stronger 
solutions  of  peat  are  to  be  found  on  the  hills  and  in  some  streams* 

The  water,  however,  may  often  be  observed  in  the  ace  of  being  cleared^  On 
the  top  of  a  hill  we  see  a  swamp  over  which  it  is  difficult  and  indeed  ioBpcs* 
sible  to  pass  without  sinking  deep  enough  to  become  wet ;  we  go  round  it,  and 
on  every  side  it  is  dry.   Very  often  there  is  one  side  depressed  with  a  passage 
for  the  water  down  the  hill.    This  passage  is  oflen  wet  all  the  way  down ;  the 
water  collects  from  all  sides  and  forms  into  a  stream.    I  shall  describe  a  pretty 
common  case  as  I  have  observed  it  at  Tintwisle.     There  was  no  perceptible 
passage  of  water  from  the  swamp,  although  there  was  an  easy  natural  flow 
whenever  the  water  rose  high  enough  to  take  that  mode  of  discharging  itself* 
This  bed,  if  it  may  be  so  called,  was  at  the  time  I  examined  it  quite  dry ;  under 
the  turf  there  was  coarse  gravel,  the  surface  of  the  white  siliceous  rock  being 
considerably  broken.  The  water  in  the  swamp  above  was  very  brown ;  going 
further  down  there  issued  from  the  side  of  the  hill  a  stream  of  pure  water; 
the  water  came  from  the  swamp  through  the  gravel,  and  went  down  the  side 
of  the  hill  pure;  before  getting  down  it  was  lost  again,  entirely  disappearing 
througli  some  more  gravel,  but  it  made  its  appearance  again  still  lower  down* 
It  was  nearly  lost  a  third  time  by  going  into  some  grass  land,  which  it  made 
very  swampy,  before  it  got  finally  down  to  the  main  brook.     There  was  no 
want  of  an  opportunity  to  clear  itself;  the  space  was  not  above  a  few  hundred 
yards  in  which  it  sunk  twice  and  re-appeared.   After  having  seen  this,  I  began 
to  find  that  it  was  common ;  I  found  two  streams  near  together,  each  draming 
a  oonsiderable  amount  of  wet  land  ou  a  bill  near  Buxton,  and  disappearing 
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eutirelj,  after  beginniiig  their  flow  down  a  narrow  gorge  which  they  seem  to 
have  made  for  themselyes.  On  walking  up  these  streams^  which  were  of  a 
considerable  size,  each  was  found  to  disappear ;  the  bed  of  the  streams  b&* 
came  entirely  dry,  although  it  could  be  seen  that  they  were  very  often  flUed 
high  with  water.  On  going  a  little  higher  the  streams  appeared  again,  with 
a  taste  of  peat,  which  they  had  not  below.  Afterwards  I  began  to  find  that 
the  disappearance  of  a  stream  which  was  wonderful  in  fable,  was  a  very 
common  thing  on  these  hills.  Of  course  perfect  purity  is  not  found  in  these 
eases ;  the  last  traces  of  organic  matter  are  only  removed  by  passing  through 
great  depths  or  long  standing. 

Again,  by  observing  the  manner  in  which  a  stream  collects  water,  this 
disappearance,  however  common,  may  be  seen  not  to  be  essential  to  the  fil- 
tering of  a  stream.  On  the  sides  of  the  stream  the  water  may  be  observed 
oosing  out  of  the  soil  at  the  lower  points,  sometimes  very  slowly,  so  as  only 
to  give  an  appearance  of  moisture  to  the  side ;  but  when  this  is  continued  the 
whole  length  of  a  stream,  the  increase  of  water  becomes  plain.  The  actual 
point  of  egress  of  the  water  from  the  soil  into  a  stream  which  is  purified,  is, 
I  conceive,  under  the  upper  soil,  and  the  water  is  in  reality  filtered,  whilst 
there  is  an  accession  of  water  from  every  point  of  both  sides  of  the  stream. 

This  will  in  a  great  measure  explain  how  a  stream  becomes  colourless  by 
mere  running;  if  it  has  come  ofi"  the  grounds  without  filtration,  as  is 
sometimes  the  case,  especially  with  the  higher  streams,  by  getting  too  readily 
into  a  channel,  the  water  is  mixed  with  other  water,  ooEing  into  it  on  every 
side,  and  thus  the  filtered  water  mixes  with  the  un filtered ;  that  water  which 
comes  further  down  the  hill  before  entering  the  channel,  being  most  likely  to 
come  through  a  filtering  bed.  Water  flowing  over  unbroken  and  impervious 
rocks  could  not  become  purified  in  this  way ;  it  could  not  be  subjected  to  any 
action  but  the  ordinary  influence  of  the  air.  It  would  not^  however,  be  ne- 
cessary for  the  purification  to  be  entirely  confined  to  those  cases ;  a  niodifi- 
cation  of  them  is  found  when  water  flows  down  a  hill  through  the  sand  or 
gravel  under  the  soil,  in  which  case  it  may  break  through  the  soil,  or  trickle 
through  the  subsoil,  as  occasion  offers.  The  mere  passage  upwards  through 
the  soil,  in  the  manner  of  a  spring,  will  not  give  it  impurity,  unless  it  be  very 
slow,  as  in  this  case  it  does  not  much  come  in  contact  with  it. 

This  mode  of  natural  purification  would  indicate  that  a  reservoir  for  the 
supply  of  pure  water  should  not  be  put  on  very  high  ground,  such  as  at 
Blackstone  Edge,  or  in  fact  so  high  that  these  natural  processes  should  be 
interfered  with.  It  might  lead  us  also  to  a  mode  of  collecting,  which  has  not, 
as  far  as  I  know,  been  adopted,  to  drain  the  ground  in  such  a  way  as  not  merely 
to  collect  the  water,  but  to  filter  it  at  the  same  time.  Wheil  the  rains  are 
heavy,  the  water  does  not  follow  any  of  these  courses  spoken  of,  and  runs 
over  the  surface,  falling  into  streams  without  becoming  filtered,  and  taking^ 
down  a  great  deal  of  matter  in  suspension.  This  could  not  be  prevented  pro- 
bably when  there  is  a  great  amount  of  water ;  but  in  ordinary  cases  it  might  be 
80  hemmed  in  as  to  prevent  it  flowing  away  except  through  a  filtering  medium. 
In  some  cases  this  would  be  very  easy,  where  the  water  flows  very  gradually 
out  of  a  mass  of  peat  No  filtering  beds  would  be  required,  and  little  if  any 
attention.  In  looking  over  a  large  extent  of  sandy  district  in  Surrey  slightly 
covered  with  heath,  I  was  struck  with  the  fact,  that  the  upper  sand,  wherever 
it  was  bared,  was  washed  white  ;  it  was  also  white  wherever  it  was  on  the  sur- 
fftoe*  although  sometimes  mixed  with  peat  so  as  to  give  it  a  dark  colour, 
until  the  peat  was  washed  oflT.  The  under-sand,  however,  was  of  a  yellow- 
ish or  reddish  colour,  caused  by  oxide  of  iron.  The  acid  from  the  peat  had 
▼Mhed  away  all  the  iron  out  of  the  sand,  and  left  the  colour  of  the  silica  pure, 
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whilst  even  a  few  inches  below  there  was  no  colour  removed  from  the  and. 
There  was  another  circumstance  to  be  mentioned,  that  the  water  coming  firam 
the  lower  strata  had  no  taste  of  peat,  whilst  that  coming  from  the  upper  stnti 
had.  The  whole  surface  might  be  taken  as  an  instance  of  a  great  filtering 
bed ;  but  it  is  very  remarkable  that  the  filtering  did  not  appear  to  be  gndoa), 
but  instantaneous ;  the  sand  did  not  gradually  become  redder  on  going  down, 
but  it  was  red  at  once,  and  did  not  change.  The  organic  matter  seems  to  be 
removed  at  a  certain  point,  and  not  to  go  below  it.  A  few  inches  below  the 
soil  there  was  to  be  seen  a  black  band  running  all  along  the  country,  I  might 
say,  and  I  dare  say  most  persons  will  have  seen  something  similar  where  pest 
lies  on  sand.  The  blackness  was  evidently  caused  by  a  constant  deposit  of 
dark  peaty  matter  on  the  point  of  filtration,  as  it  may  be  called.  There  were 
cases  in  which  the  water  tlowed  over  the  bare  sand,  and  then  the  blacknes 
was  on  the  surface  of  the  sand ;  where  there  was  vegetation,  it  was  bdowthe 
roots.  This  black  matter  along  with  the  sand  looks  like  a  sand  and  charcoal 
filter.  The  same  may  be  seen  to  a  less  extent  on  land  which  has  not  been 
ploughed  up  for  some  time,  a  mark  running  along  under  the  soil  where 
colouring  matter  seems  to  have  been  deposited.  We  may  very  correctly  look 
on  the  soil  as  the  greatest  agent  for  purifying  and  disinfecting.  Every  im« 
purity  is  thrown  upon  it  in  abundance,  and  yet  it  is  pure,  and  the  breathing 
of  air  having  the  odour  of  the  soil,  has,  on  what  evidence  I  don't  know,  but 
evidently  with  truth,  been  considered  wholesome.  Whatever  may  be  taken 
up  by  the  soil  the  water  is  discharged  clear,  and  although  vegetation  does  its 
part,  we  do  not  wait  the  return  of  the  season  to  remove  impurities  from  the 
air  above  the  soil ;  they  are  laid  on  in  autumn,  but  do  not  disturb  us.  The 
purity  of  drainage  water  has  been  observed  long  ago,  so  that  I  do  not  pretend 
to  advance  a  novelty ;  and  we  find  in  Loudon  s  Cyclopaedia  of  Agricoltun, 
that  ^*  Marshall,  seeing  the  formation  of  natural  springs,  and  observing  the 
effect  of  subsoil  drains,  and  being  at  the  same  time  aware  of  an  objection  to 
roof-water,  which,  though  more  wholesome,  is  seldom  so  well-tasted  as  spring 
water,  was  led  to  the  idea  of  forming  artificial  land-springs  to  supply  farm- 
steads with  water  in  dry  situations.  He  proposed  arresting  the  rain-water 
that  has  filtered  through  the  soil  of  a  grass  ground  situated  on  the  upper  side 
of  the  buildings,  in  covered  drains,  clayed  and  dished  at  the  bottom,  and  pu<- 
tially  filled  with  pebbles  or  other  open  materials,  thus  conveying  it  into  a  well 
or  cistern,  in  the  manner  of  roof-water,  and  by  this  means  uniting,  it  is  pro- 
bable, the  palatableness  of  spring  water  with  the  wholesomeuesa  of  that  which 
is  collected  immediately  from  the  atmosphere.'' 

Besides  this  action  of  the  soil,  there  is  the  chemical  action  by  which  welli 
get  filled  with'  carbonic  acid ;  and  water  percolating  through  underground 
strata  becomes  aerated  by  oxygen  or  by  atmospheric  air,  and  thus  nitric 
acid  is  formed.  It  is  known  that  many  substances  in  the  act  of  decomposition 
cause  the  union  of  oxygen  and  hydrogen,  and  in  doing  this  some  of  the  oxy- 
gen is  used  for  the  formation  of  carbonic  acid.  This  is  a  sufiicient  source  </ 
the  carbonic  acid  found  in  water,  where  time  and  opportunity  is  given,  such 
^  in  passing  through  deep  strata ;  and  when  we  suppose  it  pressed  into 
the  water  by  the  mechanical  force,  such  as  is  found  in  capillary  and  surface 
action,  we  have  in  nature  a  close  resemblance  to  the  artificial  plan  of  prepa- 
ring soda  and  aerated  waters.  Sharp  sand  has  been  found  to  be  most  suitable 
for  the  passage  of  water,  and  sharp  pieces  of  glass  have  been  found  to  cause 
the  union  of  oxygen  and  hydrogen  more  readily,  and  at  a  lower  temperature 
than  rounded  pieces.  If  the  wells  get  their  carbonic  acid  in  this  way,  thatiS) 
from  the  decomposing  organic  matter,  the  very  impurities  of  the  soil  become 
the  greatest  elements  in  purifyihg  the  water,  and  in  rendering  it  palatable 
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and  sparkling,  as  well  as  dissolving  rocks,  and  making  those  various  solutions 
which  we  often  find  difficult  to  imitate.  At  the  same  time  we  must  infer  that 
the  purest  water  is  a  great  agent  in  removing  the  vegetable  matter  from  the 
801I9  in  the-  form  of  carbonic  acid,  and  that  it  is  not  essential  that  the  carbonic 
acid  should  rise  directly  from  the  soil,  or  that  plants  should  be  placed  on  the 
spot  to  consume  it  It  has  never  been  the  custom  to  add  oxygen  to  any  of 
the  aerated  waters ;  but  although  very  little  is  absorbed,  it  would  probably 
be  a  very  useful  imitation  of  the  natural  process  to  add  that  gas  in  addition 
to  carbonic  acid. 

Rain-water  has  often  been  asserted  to  be  the  purest  of  all  water,  and  if 
falling  on  siliceous  rocks  it  must  still  remain  pure,  as  they  have  very  little 
soluble  matter  to  impart.  This  may  be  the  case  in  some  districts,  but  the 
probability  is  against  it,  as  rain  is  a  mode  of  removing  impurities  from  the 
atmosphere ;  and  for  the  large  towns  in  Lancashire,  and  similar  places,  there 
can  be  no  reliance  placed  on  mere  rain-water.  Collected  in  a  town,  we  know 
it  to  be  a  nauseous  and  black  liquid ;  and  when  we  go  a  mile  from  a  town  it 
is  no  less  nauseous,  although  it  loses  its  blackness.  This  would  show  that  the 
black  soot  from  chimneys  is  deposited  very  near  a  town,  although  the  soluble 
substances  are  carried  further ;  and  it  may  be  observed,  that  in  wet  weather 
the  smoke  falls  more  rapidly,  from  the  soot  becoming  heavy  with  moisture, 
as  well  as  from  the  change  of  the  barometer.  Even  many  miles  round  a  town 
the  rain  is  unfit  for  use,  without  being  passed  through  purifying  materials. 
I  have  tried  it  as  far  as  ten  miles  from  Manchester ;  and  it  is  probable  that  it 
is  nowhere  free  from  objection,  as  it  has  been  found  necessary  to  take  means 
to  render  it  palatable  even  in  agricultural  districts.  But  this  same  water 
having  passed  through  sand  or  rock  comes  out  brilliant  and  in  every  respect 
good,  being  purified  by  the  natural  process.  For  this  reason,  as  has  been 
often  remeurked,  the  water  springing  out  at  some  depth  is  much  superior  to 
that  lying  on  the  surface. 

Even  rain-water  standing  for  a  time  gives  indications  of  organization,  which 
is  not  the  case  with  deep  water.  Although  the  water  which  does  not  come 
from  a  great  depth  does  contain  more  organic  matter  than  rain-water,  it  has 
gained  other  advantages  sufficient  to  overbalance  that  fault ;  if,  indeed,  the 
small  amount  of  organic  matter  found  in  water  from  sandstone  can  be  looked 
on  as  a  disadvantage.  As  the  washing  of  the  air  seems  to  be  one  of  the  duties 
of  rain,  it  is  not  surprising  that  some  mode  should  be  again  employed  by  na- 
ture to  purify  the  rain.  The  action  of  the  soil  for  this  purpose  seems  to  be  a 
necessary  completion  of  the  process.  Dew  does  not  exhibit  the  same  extent 
of  impurities,  no  doubt  arising  from  the  limited  space  in  which  it  is  formed 
whilst  the  rain  passes  through  a  large  extent  of  air. 

As  the  use  of  surface-water  has  been  so  highly  recommended,  I  have  thought 
it  well  to  state  the  valuable  qualities  of  a  good  filter,  and  the  mode  in  which 
I  believe  the  best  wutcr  i&  produced.  This  I  believe  to  be  by  filtration,  which, 
even  more  than  distillation,  removes  the  organic  matter,  and  more  than  any 
known  method,  improves  the  taste  and  the  appearance.  As  the  rain-water 
t  has  washed  the  air,  and  the  deep  well-water  has  brought  with  it  solutions  of 
degraded  rocks  to  a  large  extent,  both  seem  objectionable ;  and  as  the  surface- 
water  carries  along  with  it  matters  of  all  kinds  in  solution  and  suspension, 
according  to  circumstances,  it  seems  more  advisable  that  the  water  which  has 
been  purified  by  passing  not  too  deep  under  the  surface  should  be  used,  since 
all  the  advantages  and  all  the  peculiar  powers  of  filtration  are  found  in  that 
portion  of  the  ground. 
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Report  of  the  Committee  empoinied  by  the  British  AssodatioH  to  eonsiier  Ifte 
probable  Effects  in  an  CJBconomical  and  Physical  Point  of  View  rf  ike  De- 
struction of  Tropical  Forests.  By  Dr.  Hugh  C leghorn,  Madras  Medied 
Establishment;  Processor  Forbes  Rotle,  King*s  College,  Lonikm;  Captaia 
R.  Baird  Smith,  Bengal  Engineers;  Captain  R.  8trachbt,  J^ngd 
Engineers, 
As  preliminary  to  the  Report  which  your  Committee  has  now  the  honour  to 
3ubmit,  we  have  to  make  tlie  following  remarks.     The  great  extent  of  the 
subject  prescribed  to  us,  involving  as  it  would  have  done,  if  completed  in  its 
integrity,  the  collection  of  materials  from  every  tropical  region  on  the  sarfiwe 
of  the  globe,  would  have  involved  an  amount  of  labour  which  we  had  neither 
the  time  nor  tiie  means  of  devoting  to  the  subject     Three  of  our  roemben 
had  special  duties  required  from  them,  which  did  not  admit  of  being  in  any 
way  postponed'*',  and  it  has  been  consequently  on  the  fonrth  (Dr.  Hugh  Cleg- 
horn)  that  almost  the  entire  labour  has  devolved  of  collecting  and  dige»tiog 
the  materials  now  laid  before  youf. 

The  personal  relations  of  the  whole  of  the  members  of  your  Conmuttce 
with  the  Tropical  Region  of  British  India,  naturally  suggested  to  them  the 
propriety  of  limiting  their  researches  to  that  field  wherein  they  had  them- 
selves been  employed,  and  with  the  circumstances  of  which  they  were  not 
only  best  acquainted,  but  had  also  the  best  means  of  filling  in  any  imperfec- 
tions which  might  exist  in  their  knowledge.  The  subsequent  report  has 
accordingly  reference  solely  to  the  Forest  Question  as  applied  to  India,  aod 
we  have  endeavoured  to  collect  all  such  information  as  would  illustrate  the 
physical  and  oeconomical  effects  of  the  destruction  of  the  natural  woods, 
which  in  that,  as  in  other  countries,  are  of  such  admitted  importance. 

In  reference  to  the  physical  effects  of  the  removal  of  forests,  we  found 
considerable  yariety  of  opmions.  There  is,  it  must  in  fact  be  admitted,  b 
deficiency  of  exact  or  experimental  information  on  the  subject.  Observations 
of  B,  precise  character  on  climate  in  countries  once  covered  by  forests  bat 
now  cleared,  do  not  to  our  knowledge  exist,  and  the  evidence  with  which  we 
have  to  deal  is  a  kind  of  evidence  which  admits  of  considerable  variety  of 
interpretation.  Of  such  evidence  we  have  exhibited  a  number  of  examples, 
'  and  the  general  conclusions  which  appear  to  be  warranted  by  these  may  be 
perhaps  oest  given  in  the  following  words  of  Humboldt,  the  most  eminent 
authority  who  has  discussed  the  question : — 

**  By  felling  trees  which  cover  the  tops  and  sides  of  mountains,  men  in 
every  climate  prepare  at  once  two  calamities  for  future  generations — the 

want  of  fuel,  and  the  scarcity  of  water Plants  exhale  fluid  from  their 

leaves,  in  the  first  place,  for  their  own  benefit.  But  various  important 
secondary  effects  follow  from  this  process.  One  of  these  is  maintaining  a 
suitable  portion  of  humidity  in  the  air.  Not  only  do  thev  attract  and  con- 
dense the  moisture  suspended  in  the  air,  and  borne  by  the  wind  over  the 
earth's  surface,  which,  falling  from  their  leaves,  keeps  the  ground  below 
moist  and  cool ;  but  they  can,  by  means  of  their  roots,  pump  it  up  from  a 
very  considerable  depth,  and,  raising  it  into  the  atmosphere,  diffuse  it  orer 
the  face  of  the  country.  Trees,  by  the  transpiration  from  their  leaves, 
surround  themselves  with  an  atmosphere,  constantly  cold  and  moist.    They 

*  Profeuor  Royle  has  been  engrossed  with  the  Exhibition  and  bis  other  daties.  Cspt 
Baird  Smith  has  been  employed  on  duty  abroad,  and  Capt.  Stracbey  was  digesting  his  own 
Himalayan  researches  for  the  press. 

t  In  drawing  up  the  Report,  it  was  necessary  to  alter  and  compress  the  langioage  of  th« 
original  document*;  but  care  has  been  taken  to  give  the  opinions  of  the  authors  as  nesrir 
in  their  own  words  as  possible. — ^H.  C. 
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«bo  shelter  the  soil  from  the  direct  action  of  the  sun,  and  thus  prevent  eva- 
poration of  the  water  furnished  by  rain:?/'  In  this  way,  as  Humboldt  states, 
the  forests  contribute  to  the  copiousness  of  streams. 

The  question  as  between  the  maintenance  and  removal  of  forests  appears 
to  us  to  be  a  question  of  compensations.  Wherever  the  progress  of  popu- 
lation requires  that  every  portion  of  the  soil  be  made  to  yield  its  quota  of 
human  food,  there  the  destruction  of  forests  is  to  be  desired,  and  the  disad- 
vantages to  which  want  of  wood  for  social  and  general  purposes  may  lead» 
must  be  compensated  for,  as  they  doubtless  will  be,  by  the  ingenuity  which 
is  born  of  necessity.  But  there  are  localities  in  nearly  all  countries  to 
which  the  tide  of  population  can  never  flow,  but  where  the  forest  can 
flourish,  and  where  it  ought  to  be  maintained.  To  tropical  countries,  the 
preservation  of  the  springs  which  feed  the  rivers,  on  which  the  fertility  of  the 
land  and  the  prosperity  of  the  people  are  so  essentially  dependent,  is  of  the 
greatest  importance.  These  springs  rise  in  the  mountain  regions  where 
forests  prevail,  and  it  is  to  such  regions  that  a  protective  agency  should  be 
extended,  for  there  can  be  but  little  doubt  that  the  entire  removal  of  wood 
leads  to  the  diminution  of  water.  In  a  single  sentence,  we  would  say  that 
where  human  exigences,  whether  for  subsistence  or  for  health,  require  the 
destruction  of  forests,  let  them  be  destroyed ;  but  where  neither  life  nor 
health  is  concerned,  then  let  a  wise  system  of  preservation  be  introduced 
and  acted  upon. 

The  planting  of  such  trees  as  are  desirable  from  the  fruit  which  they 
afford^  or  grateful  from  the  shade  which  they  yield,  is  an  act  which  has  been 
held  in  high  esteem  in  eastern  countries,  especially  India,  from  very  early 
times.  The  eastern  appreciation  of  the  luxury  of  shade  led  to  the  banks  of 
the  canals,  constructed  by  the  Mahommedan  emperors,  being  planted,  and 
the  waysides  of  the  imperial  roads  being  lined  with  trees  of  various  kinds ; 
in  the  Sunnud  of  the  Emperor  Akbar,  it  is  directed,  *^  that  on  both  sides  of  the 
canal  down  to  Hissar,  trees  of  every  description  both  for  shade  and  blossom,  ^ 
be  pUnted,  so  as  to  make  it  like  the  canal  under  the  tree  in  Paradise ;  and. 
that  the  sweet  flavour  of  the  rare  fruits  may  reach  the  mouth  of  every  one, 
and  that  from  those  luxuries  a  voice  may  go  forth  to  travellers  calling  them 
to  rest  in  the  cities  where  their  every  want  will  be  supplied*." 

But  the  planting  of  trees  for  timber  seems  to  have  been  neglected  there,  as 
it  has  been  in  most  other  countries,  until  modern  times.  This  is  no  doubt 
owing  to  self-sown  forests  being  more  than  sufficient  to  supply  all  the  wants 
of  man  in  the  earlier  states  of  society.  As  population  and  civilization  are 
advanced,  such  forests  are  looked  upon  rather  as  impediments  to  agriculture, 
than  as  sources  of  wealth,  and  the  means  of  removing  trees  are  more  thought 
of  than  the  readiest  modes  of  propagation,  or  how  they  should  be  treated  so 
as  to  produce  the  best  timber  in  the  shortest  time,  and  in  the  fullest  quan- 
tity that  the  ground  is  capable  of  bes^ring,  and  so  managed  that  it  may  yield 
some  profit  even  while  the  timber  is  growing  f* 

British  India  is  so  extensive  an  empire,  so  diversified  in  soil  and  climate, 
as  well  as  in  natural  and  agricultural  products,  that  it  is  impossible  to  pre« 
difiate  anything  respecting  it  generally ;  that  which  is  descriptive  of  one 
part,  is  not  necessarily  applicable  to  another.  Thus  some  parts  are  covered 
with  primseval  forests,  as  the  mountainous  coasts  of  Canara  and  Malabar,  the 
eouQtry  surrounding  the  Keilgheeries,  the  Tenasserim  Provinces,  much  of 
Central  India,  the  base  of  the  Himalayan  Mountains  from  Assam  up  to  the 

*Ca]cntta  Review,  No.  23. 

t  The  labttonce  of  the  above  and  foUowing  paragraphs  is  extracted  from  a  valuable  MS. 
lUq^  of  Dr.  Iboyle  on  the  advantage!  of  increased  planting  in  certain  districts  of  India. 
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banks  of  the  Ganges,  as  it  issues  from  the  hills,  and  beyond  it;  whik other 
parts  are  not  only  bare  of  trees,  but  even  of  vegetation  of  any  kind,  as  the 
deserts  which  run  parallel  with  the  Indus,  and  stretch  more  or  less  into  the 
interior  of  India.  The  North-western  Provinces,  as  well  as  many  parts  of 
the  Peninsula  of  India,  are  generally  bare  of  timber- trees,  as  are  also  ihe 
highly  cultivated  Southern  Provinces  of  Bengal.  But  in  most  parts  of  Indii 
clumps  of  trees  may  be  seen  by  the  traveller  in  every  direction  in  which  he 
can  look.  This  is  owing  to  the  Indian  practice  of  embowering  everjr  Tillage 
in  a  clump  or  tope  of  trees,  generally  of  the  Mango,  but  frequently  tiie 
Bur,  Peepul,  Tamarind,  &c.  are  found,  some  yielding  fruit,  others  grateful  for 
their  shade,  and  some  yielding  fodder  for  'elephants  and  camels.  In  the 
neighbourhood  of  every  village  also  may  be  seen  tracts  of  jungle,  more  or 
less  extensive,  which  by  some  are  accounted  so  much  waste  land.  They  are 
often  composed  of  long  grass,  or  of  low  shrubs,  as  the  Dh&k  and  wild  Jnjobe, 
with  a  few  trees  intermixed,  as  the  Babool  and  Seriss.  These  tracts,  thoagh 
disfiguring  the  rich  appearance  of  a  cultivated  country,  are  far  from  usdesi* 
as  they  form  the  only  pastures  which  the  natives  possess  for  their  cattle,  si 
well  as  their  whole  source  of  supply  for  firewood,  and  whatever  timber 
may  be  required  for  the  building  of  their  huts  or  the  making  of  their  agri- 
cultural implements. 

From  the  number  and  extent  of  the  forests  and  jungles  of  India,  it  miglit 
be  inferred  that  timber  was  abundant  in  all  parts,  not  only  for  home  coe- 
sumption,  but  that  a  supply  might  be  obtained  for  foreign  commerce :  this  is 
far  from  being  the  case.  Though  forest  lands  are  extensive,  their  contents 
in  accessible  situations  are  not  of  a  nature,  or  sufficiently  abundant,  to 
supply  even  the  ordinary  demands.  In  India,  as  in  other  long  inhabited 
and  early  civilized  countries,  the  parts  best  adapted  for  agricultural  purposes 
have  long  been  cleared  of  jungle.  The  forests  lying  nearest  to  the  inha- 
bited tracts  were  first  stript  of  their  timber,  and  as  no  precautions  have  been 
taken  to  replace  the  old  trees,  a  gradual  diminution  has  been  observed  in  the 
supply  of  timber,  which  has  consequently  increased  in  price  (as  may  be  seea 
in  the  Government  contracts  for  building  and  the  Commissariat  outlay  for 
firewood),  not  solely  from  actual  deficiency,  but  because  timber  is  only  ob- 
tainable from  less  accessible  situations,  with  considerable  increase  of  labour 
and  expense. 

As  the  principal  cities  where  the  greatest  demand  for  timber  exists  are  is 
the  centre  of  cultivated  tracts,  so  are  they  necessarily  remote  from  the  forests 
from  which  they  require  wood,  either  for  the  construction  of  houses  «dA 
machinery  for  ship-building,  or  other  purposes.  Hence  a  commerce  in 
timber  has  long  been  established  in  India.  Calcutta  and  the  cities  situated 
on  the  Ganges  are  supplied  with  timber  grown  in  the  forests  which  skirt  the 
foot  of  the  Himalayan  Mountains,  from  Assam  to  the  banks  of  the  Jamns* 
These  supplies  are  fioated  on  rafts  down  the  numerous  feeders  of  (he  Ganges, 
which  forms  the  great  artery  of  the  plains  of  India.  But  this  is  not  suffi- 
cient for  the  consumption  of  Calcutta,  as  considerable  quantities  are  im- 
ported from  the  Burman  Empire.  In  the  same  way  there  is  an  insufficient 
supply  for  the  Madras  Presidency,  which  is  made  up  by  importing  timber 
from  Ceylon. 

Bombay  has  long  been  celebrated  for  the  building  of  ships  with  teak-nWf 
supplied  from  the  forests  of  Malabar  and  Canara,  whence  timber  seems  always 
to  have  been  exported  even  to  Arabia  and  Persia. 

Looking  at  the  extent  of  India,  and  reading  of  its  interminable  jungles,  it 
may  seem  a  work  of  supererogation  to  talk  of  the  deficiency  of  timber  or  of 
the  necessity  of  protecting  ito  forests.  Timber  to  be  valuable  must  be  of  t^ 
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proper  kindrof  the  proper  age,  and  at  proper  distances,  that  is,  in  accessible 
situations.  As  might  have  been  expected,  from  continual  drains  being  made 
on  these  forests,  without  adequate  measures  having  been  adopted  to  keep  up 
the  supply,  a  continued  and  increasing  deficiency  has  been  experienced  in 
all  parts  of  India,  which  has  frequently  attracted  the  attention  of  the  Indian 
and  Home  Governments,  so  that  in  the  Bombay  Presidency  numerous  reports 
have  been  made  on  the  state  of  the  teak  forests,  and  measures  adopted  for  their 
improvement,  without  as  yet  much  benefit 

In  the  Madras  Presidency  steps  have  at  difiPerent  times  been  taken  to 
encourage  planting,  as  in  the  time  of  Dr.  Anderson ;  and  lately  we  have  seen 
the  Madras  Government  applying  annually  to  Bengal  for  the  seeds  of  Saul 
and  Sissoo,  for  planting  in  Madras.  These  have  been  very  successfully  intro- 
duced and  acclimated  in  the  territories  of  Mysore  and  other  southern  pro- 
vinces. In  a  letter  from  Capt.  Onslow  to  Dr.  Cieghorn,  dated  Shemogah, 
2Ist  July  1847,  that  intelligent  officer  writes  in  reference  to  a  plantation  on 
the  banks  of  the  Toombudra, — "  1  have  never  seen  any  vegetation  so  won- 
derful as  that  of  the  Sissoo ;  last  year's  seedlings  are  almost  too  large  to 
transplant  It  would  be  a  pity  to  allow  the  monsoon  to  pass  over  without 
putting  in  more  seed."  The  Mahogany  (Svneienia  Mahogani),  a  tree  of 
great  value  and  beauty,  has  been  introduced  successfully  into  the  Calcutta 
Botanic  Gardens,  and  a  few  specimens  are  thriving  at  Madras  and  in  Mysore, 
gi?ing  promise  of  its  being  nearly  equal  to  the  finest  varieties  from  the  Hon-< 
doras.  Specimens  of  furniture  prepared  by  Dr.  Wallich  from  trees  grown 
at  Calcutta  are  now  in  the  museum  at  the  India  House. 

Dr.  Wallich  was  despatched  in  1825  to  the  Upper  Provinces  in  order 
to  inquire  into  and  watch  over  the  extensive  forests  of  the  empire,  which 
were  found  to  be  undergoing  most  wasteful  and  rapid  decay.  Three  MS. 
volumes  of  reports  and  proceedings,  with  two  original  maps  of  the  route 
taken  by  Dr.  Wallich  and  Captain  Satchwell,  were  placed  by  the  Supreme 
Government  with  the  Agricultural  and  Horticultural  Society  *^for  informa" 
^on  and  depontJ*  These  volumes  contain  the  labours  of  a  body  of  public 
officers,  which,  under  the  denomination  of ''  The  Plantation  CommittkE)" 
or^nated  under  the  administration  of  the  Marquis  of  Hastings  and  con- 
tiuaed  in  existence  six  years.  The  records  of  its  proceedings,  as  contained 
in  these  volumes,  extend  over  1070  pages  of  manuscript  They  contain  much 
and  most  valuable,  indeed  generally  unknown  information,  bearing  on  the 
great  practical  measure  of  forest  cultivation,  the  Sissoo  localities  in  par- 
ticular ;  and  every  effort  should  be  made  to  rescue  this  information  from 
oblivion.  The  late  Dr.  Spry,  Secretary  of  the  Agricultural  and  Horticul- 
tand  Society,  was  desired  to  undertake  the  examination  of  these  records, 
and  favour  the  Society  with  a  report  upon  their  contents.  He  devoted  much 
time  to  this  duty,  and  reported  in  July  1841,  that  the  really  valuable  part  of 
these  papers  might  be  condensed  into  a  small-sized  volume  of  about  250  pages. 
The  work  of  condensation,  that  is  the  compilation,  so  as  to  avoid  the  official 
forms  in  which  the  information  is  introduced  that  the  matter  may  be  brought 
into  a  continuous  form,  will  necessarily  be  great,  and  require  that  some 
specific  allowance  be  made  for  its  performance.  The  carrying  out  of  this 
proposal  was  committed  to  Dr.  Spry,  and  had  his  life  been  prolonged,  would 
have  been  executed  by  him.  We  regret  that  the  fulfilment  of  his  intentions 
has  not  devolved  upon  any  of  his  friend:*,  considering  the  importance  of 
giving  publicity  to  such  valuable  information,  and  we  still  think  the  matter 
deserving  of  recommendation  to  Government.  Dr.  Wallich  has  borne  testi- 
niony  to  the  value  of  the  information,  and  stated  that  if  the  undertaking  be 
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sanctioned,  he  would  be  moet  happy  and  willing  to  give  hia  Yi^)naUe  aiMir 
ance  in  the  work  of  publication. 

"  The  reports  of  Dr.  Wallich  are  particularly  valuable  reapectira  tbe 
natural  forests,  both  of  those  within  the  British  territoriea  in  Indi&t  and  abo 
those  of  the  neighbouring  powers.  In  his  visit  to  the  Turai,  or  low  asd 
moist  forest-land  skirting  the  base  of  the  Hinuilayas,  he  particularly  leoom- 
roends  a  vast  extent  of  forestpland  in  Oude,  situated  on  the  east  side  of  ^ 
Kowreala  river,  as  holding  out  the  prospect  of  very  valuable  supplies,  pro- 
vided that  means  are  adopted  for  preventing  wanton  destructiou  ana  of 
allowing  the  young  plants  to  grow  up  and  supply  the  place  of  those  whidk 
are  cut  down.  Among  the  forests  in  our  own  provinoes»  Dr.  Wallich  sdverte 
particularly  to  those  occupying  the  Islands  ot  the  Gogra,  commonly  ealkd 
Chaudnee  Choke.  He  represents  them  as  extremely  important,  aadineror 
way  deserving  of  being  preserved  for  the  exclusive  use  of  the  Government,  aad 
especially  of  being  emancipated  from  the  destructive  depredationi  which  an 
annually  committed.  The  Sissoo  and  8aul  forests  of  the  Deyrs  Dood  m 
also  recommended  to  be  preserved  for  the  uve  of  the  service  ;  though  boa 
these  the  facility  of  transportation  is  represented  as  not  equal  to  tbat  froa 
the  other  quarters  previously  mentioned.  But  they  are  nevertheless  as  iia- 
portant  for  the  stations  in  the  north-west  of  India,  as  the  forests  of  Oude 
and  Gorukpore  are  for  those  in  the  south.  As  considerable  deficiencif*  9 
timber,  at  least  of  those  kinds  usually  employed,  such  as  Saul  and  Sjcao^ 
besides  Bamboos,  had  been  experienced,  and  as  the  deficiency  every  daj  '^ 
creased,  Dr.  Wallich  was  induced  to  recommend  that  Government  fih«iM 
interfere  in  the  management  of  the  forests ;  for  the  natives,  from  tbeir  a- 
tremely  injudicious  mode  of  felling  forests,  cut  and  carry  away  all  that  are 
easily  acceMsible,  both  young  and  old  plants,  without  planting  any  thing  ve9 
in  their  place,  or  encouraging  the  growth  of  the  young  seedlings,  Anotktf 
great  defect  in  the  native  mixle  of  managing  timber,  is  their  total  neglect oi 
any  regular  system  of  seasoning  s-- timber  ever  being  seasoned  by  tbea 
at  all,  depends  upon  the  proprietor  not  having  been  able  to  sell  iU"'^S^^ 
Prod.  Resources  rf  India,  p.  189. 

The  glory  of  the  Malabar  and  Tenasserim  foreats  is  their  teak,  the  nA 
importance  of  which  is  becoming  daily  more  known  and  appreciated;  tte 
timber  indeed  has  been  long  prizedt  Bontius  described  the  tree  under  t^^ 
name  of  Quercus  Indica,  though  except  as  regards  the  timber  it  has  no  i^ 
semblance  to  the  Oak*  Rhaede  has  given  an  accurate  representation  ^ 
Tectona  grandis^  and  refers  to  the  teak  forests  of  Malabar  in  these  temtt 
(Hort  IVfalab.  iv.  1 27) :— "  Crescit  ubique  in  Malabar,  at  prwaertim  in  pw 
vincia  Calicolan  (Calicut)  ubi  integrse  sylv®  ingentium  harum  arboruiQ 
reperiuntur.*  ♦  *  Lignum  vero  hiyus  arboris  quercino  ligno  baud  absimib» 
operi  fabrili  accommodum,  atque  naupegis  ad  navium  fabricam  in  usu  est: 
sed  in  aquis  (prasjsertim  dulcibus)  teredini  facile  obnoxium." 

It  will  be  shown  that  these  large  forests,  supplying  ih^ finest  sari  pf  t^ 
had  fallen  long  ago  into  a  deplorable  state,  both  old  and  young  trees  haWi% 
been  indiscriminately  cut  down,  without  regard  to  future  supply. 

"  This  work  of  destruction,"  according  to  John  Edye,  fesq.  (A»»  ^ 
Journ.  ii.),  "  is  conducted  by  a  company  of  Parsee  mercbante,  who  takeace^ 
tain  number  of  the  natives  from  Mangalore  at  the  proper  seaaon  for  feUlngi 
and,  without  consideration  for  the  future,  cut  all  sorts  of  peon-aparSySapHog" 
as  well  as  large  trees,  to  the  great  injury  of  the  forests.  There  were  hun- 
dreds of  small  spars  from  five  to  nine  inches  diameteri  and  thirty-five  ^ 
seventy-five  feet  long,  actually  decaying  on  the  beach  at  Mangalore  at  tl)^ 
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time  I  was  th^r^ ;  from  which  circumstance  in  the  course  of  a  kw  years  these 
T|I|iable  forests  must  be  exhausted.  The  whole  of  this  trade  is  in  the  hands 
of  A  pomhiued  party  of  these  people,  who  never  fail  to  take  advantage  of  any 
pifticular  demand  that  may  occur/* 

In  Wight  8  *  lUustr^tions/  vol.  ii.,  just  received,  he  renuirks, — **  The  timber 
of  the  iidana  ^andu  is  abPMt  the  most  highly  esteemed  in  India,  that  of 
neariy  all  other  trees  is  spoken  of  ^  jungie-wood  and  inferior.  Time  does 
pot  now  permit}  otherwise  some  remarks  might  have  been  offered'  on  the 
subject  of  the  preservf^tion  of  the  teak  forests,  and  the  recent  fearful  waste 
^na  destructiou  of  that  valuable,  I  had  almost  said  invaluable,  tree  in  all  our 
t^  for^ts,  without  a  single  step  being  taken  either  \o  keep  up  the  stock 
<HP  preserve  young  trees  from  the  ruthless  hands  of  contractors  and  others, 
fioensed  to  cut  teak  timber.  Measures  ^re  now,  I  believe,  in  progress  to 
irrest  the  ruinous  destruction  that  has  for  some  years  been  going  on,  and  it 
Ii  hoped  that  the  Directors  will  suqceed  in  their  ol^ject ;  otherwise  the  stock 
in  bapd  wiU  soon  be  exhausted." 

The  following  extract  is  from  a  private  letter  of  Dr.  Maofarlane,  late 
2Pl4b  Surgeon,  Afangalore : — 

<'  For  the  Canara  forests,  I  can  testify  from  personal  observation  as  late 
ti  December  1849,  that  Coomree  clearing  waa  being  carried  on  to  a  most 
Anrtmctive  extent  in  those  tracts  surrounding  the  falls  of  Gair-soopah.  As 
fcr  as  I  could  g^t  fuiy  information  on  the  subject  from  Lieut  Walker  of  the 
Sogiueeiv,  who  is  employed  in  the  district  of  Canara,  and  with  whom  I 
lisited  a|i  extensive  Coomree  inclosure  near  the  Dev^-munny  Gh^ut,  no 
cheok  seems  to  be  exercised  over  the  forest  population  in  this  respect* 
Ineut.  Walkers  description  to  me  was,  that  the  jungle  people  ringed  the 
tiees  to  kill  the  large  onel,  took  the  branches  and  made  a  fence  against  wild 
liuinals,  bfimt  as  much  as  they  could,  and  then  took  one  or  two  crops  of 
ViOet  (or  ragee)  out  of  the  sqil.  going  over  to  another  tract  and  repeating 
the  sfune  practice.  All  around  in  that  primaeval  forest,  thousands  of  acres 
Vare,  or  had  been,  evidently  under  Coomree,  the  large  timber*trees  de^ 
itroyed,  the  spaces  left  blank  in  the  forest,  and  in  all  these  Coomree  spaces 
tbM  hoil  again  been  left  to  nature,  I  could  not  help  remarking  that  wild 
plantains  invariably  sprang  up  in  myriads." 

The  extenaive  forests  of  teak  mentioned  by  Buchanan  in  his  <  Journey 
through  Myaor^  in  1800,'  have  well  nigh  disappeared,  as  will  be  seen  by  the 
Stalls  in  the  following  Report  ;** 

"  Nttggur  DivisioB,  Snperinieiident's  Office,  IShemogt, 
&th  May  1347. 
"  To  the  SecFetary,  to  the  Commissioner  of  the  Government  of  the 
Territories  of  the  Rajah  of  Mysore. 
''Siryv—Tn  connection  with  the  subject  of  my  letter  of  the  11th  March 
hit,  there  ia  another,  unquestionably  of  great  importance,  now  occupying  the 
attention  of  the  Government  of  India»  and  which  I  am  confident  will  at  once 
tngwe  the  attention  of  the  Commissioner, — I  allude  to  the  conservation  of 
^e  forests  as  regards  timber,  the  value  of  which  might  with  care  and  atten? 
tioo  be  made  very  important  in  Nuggur.     From  want  of  these  nearly  all  the 
&>e  teak  and  other  timber  which  once  flourished  on  the  banks  of  the  Toonga 
Md  Bbndra  rivers  have  disappeared,  and  the  Government  has  derived  but 
»eiy  Uttle  benefit  from  it  . 

**if  Vast  quantities  of  various  kinds  of  timber  are  yearly  carried  down  the 
Toongabbadra  river  to  the  open  country*  by  people  who  pay  a  small  sum  to 
4m)  iarmer  of  the  forests  for  the  privilege  of  cutting  it.  In  the  months  of 
August  and  September  these  popple  tal^  down  hundreds  of  floats  made  of 
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bamboos  loaded  with  ttipber*  Teak,  black^wood,  and  ebonj  are  fbibid  le 
be  cut ;  but  I  am  well  assured  that  these  prohibited  timbers  are  takeo  awaj 
in  great  quantities  every  year ;  we  have  no  means  whatever  of  preTcating  it 

**  3.  The  forests  are  rented  yearly  to  the  highest  bidder;  the  renters*  holdiBg 
their  farms  for  a  year  only,  have  no  interest  in  preserving  the  forests ;  on  tht 
contrary,  their  interests  are  best  served  by  their  destruction.  They  raaks 
their  profits  by  taxing  the  timber-cutters  and  coomri  cultivators ;  tlierefore 
the  more  jungle  there  is  cut,  the  greater  are  their  profits.  The  ooiiseqiieiioe 
of  this  indiscriminate  cutting  is  the  total  disappearance  of  teak  in  localitki 
where  it  formerly  abounded,  especially  in  the  vicinity  of  the  river  Toonga. 
Buchanan  in  his '  Journey '  says  at  vol.  iii.  p.  287»  '  Here  (t.  e,  between  Teer* 
thully  and  Mundagudda  in  the  Cowledroog  Talook)  were  many  fine  teak- 
trees,  more  indeed  than  I  have  ever  seen  in  any  one  place.  They  might  be 
of  vjdue  could  they  be  floated  down  the  Toonga  to  the  Kerishna,  and  so  to 
the  sea.'  This  is  after  he  had  seen  the  Soonda  and  other  fine  forests  in  Canaia. 
When  at  the  same  place  in  February  last,  I  saw  no  teak,  and  I  saw  none  the 
whole  length  of  the  river  as  far  as  !Vf  undagudda. 

<^  4.  There  is  some  teak  remaining  in  the  forests  near  Mundagudda  about 
twenty  miles  from  this,  but  it  is  fast  disappearing,  and  in  a  few  yean  there 
will  be  none  within  the  reach  of  the  river.  Teak  is  occasionally  cut  on 
acc-ount  of  Government,  brought  to  Shemoga,  and  sold ;  but  it  does  not  bring 
a  good  price.  The  average  amount  of  sale  for  the  last  five  years  is  Com- 
pany's rupees  181  6,  as  is  shown  in  the  accompanying  statement,  which 
exhibits  also  the  average  of  each  item  of  revenue,  the  produce  of  the  forests 
for  the  same  time,  and  a  total  average  of  Canteroy  pags.  1168  5^  or  Com- 
pany's rupees  3S97  4  2  annually. 

"5.  This  is  all  the  revenue  thai  the  magnificent  forests  of  Nuggur  aremade 
to  yield  by  the  present  system,  which  is  fraught  with  mischief.  There  is  no 
preservation  of  the  timber  that  stands,  nor  encouragement  of  the  growth  of 
young  trees ;  and  at  the  present  rate  of  destruction  there  can  be  no  doabt 
that  in  a  few  years  there  will  be  no  valuable  timber  left  in  places  from  which 
it  can  be  carried  away. 

**  6.  But  this  is  by  no  means  the  only  evil :  Coomri  cultivation  is  mischie- 
vous in  various  ways.  The  following  are  some  of  the  most  prominent  objec- 
tions to  it  It  causes  the  most  rapid  destruction  of  the  forests,  which,  it  b 
a  well-ascertained  fact,  lessens  the  quantity  of  rain  and  moisture,  and  must 
thus,  in  the  course  of  no  very  long  time,  seriously  afleet  the  cultivation  and 
prosperity  of  the  country.  The  cultivation  of  the  Mulnaad*  is  solely  de- 
pendent on  rain  (there  being  no  irrigation),  and  requires  abundance  of  it. 
The  people  of  the  Mulnaad  begin  already  to  remark  that  there  is  a  diminu- 
tion of  rain  ;  and  I  think  it  highly  probable  that  it  is  attributable  to  the  vast 
extent  of  Coomri  clearings  all  over  the  country,  but  especially  along  the  crest 
of  the  Ghauts.  Looking  over  Canara,  immense  tracts  of  Coomri  are  to  be 
seen  as  far  as  the  eye  can  reach.  Some  weeks  ago  I  went  down  the  new 
Ghaut  leading  from  Hunnaur,  above  the  Ghauts,  to  Colloor  in  Canara,  and 
Was  much  struck  with  the  immense  extent  of  Coomri.  I  saw  tens  of  thou- 
sands of  acres  cleared  on  the  hills.  The  new  pass  is  six  miles  long,  and  is  en- 
tirely through  clearing,  where  not  a  single  forest-tree  is  left  standing.  In  these 
clearings,  the  primseval  forest,  with  all  its  beautiful  timber  and  valuable  pro- 
ductions, has  given  place  to  a  thick  scrub  of  noxious  weeds  and  brambles, 
containing  nothing  useful.  It  may  be  supposed  that  clearing  the  forest  would 
make  the  country  more  healthy,  and  so  it  would  if  the  clearing  were  more 
permanent ;  but  the  forest  is  now  destroyed  only  to  be  replaced  by  a  thick 

*  t.«.  Rsia-oountry* 
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jangle  of  rank  Tegetation,  still  more  unhealthy  than  the  forest,  which  being 
open  below,  admits  of  circulation  of  air ;  but  the  scrub  is  a  dense  mass  of 
regetation,  and  from  bottom  to  top  it  is  about  twenty  feet  high.  But  however 
this  may  be^  I  think  it  is  a  question  worthy  of  serious  attention,  whether  the 
present  unlimited  destruction  of  the  forest  shall  be  allowed  to  continue,  risk- 
ing the  diminution  of  rain,  the  effect  of  which  wonld  extend  over  the  whole 
of  the  southern  part  of  the  peninsula,  and  perhaps  occasion  most  disastrous 
consequences. 

**7.  More  inland,  Coomri  cultivation  is  destructive  of  much  sandal-wood. 
There  is  now  a  case  under  inquiry  in  the  Shikarpoor  Talook,  in  which  eighty 
trees  have  been  destroyed.  The  average  value  of  a  sandal- wood  tree  is  from 
£▼6  to  fifteen  rupees.  In  the  coffee  districts  this  system  is  very  objectionable. 
Coffee  will  not  grow  in  a  Coomri  clearing,  the  soil  having  been  exhausted, 
and  the  fires  in  the  neighbourhood  of  plantations  endanger  it.  The  Coomri 
Ctttters  wonld  be  much  better  employed  in  the  plantations.  Upon  a  repre- 
sentation of  these  objections,  I  forbid  Coomri  in  the  Chickmoogloor  Talook 
some  months  ago. 

*'  8.  This  cultivation  has  great  attractions  to  the  lower  classes  of  cultivators 
and  labourers ;  it  leads  numbers  from  the  cultivation  of  the  beriz-lands,  and 
thus  directly  injures  the  revenue,  and  produces  in  those  who  take  to  it  law- 
less and  vagabond  habits.-    Along  the  Ghauts  the  Coomri  cultivators,  when 
not  engaged  in  their  cultivation,  employ  themselva<i  in  smuggling,  which  the 
dearings  and  their  knowledge  of  the  country  greatly  facilitate.     In  the  Mul- 
oaad  a  trifling  rent  is  paid  to  the  forest- renter.     In  the  open  Talooks  a  low 
rent  is  paid  directly  to  Government.    In  either  case  the  payment  of  it  is  often 
evaded  by  those  who  have  clearings  in  remote  and  inaccessible  parts,  where 
they  are  not  easily  discovered.     The  cultivation  is  of  the  rudest  and  simplest 
node.    The  trees  are  felled  in  January  and  February,  and  allowed  to  remain 
in  the  ground  till  the  next  season,  when  they  are  burnt.     The  earth  is  not 
tamed  at  all>  and  the  seed,  ragee,  castor-oil,  or  dholl'*',  is  thrown  broad-cast 
apon  the  asbes  among  the  stumps.     The  crops  thus  produced  are  always 
abundant.     Formerly  the  practice  was  to  take  only  one  crop,  and  leave  the 
elearing,  which  allowed  the  stumps  to  shoot  out  again,  and  the  same  spot 
would  bear  cultivation  again  after  from  twelve  to  twenty  years.    But  of  late 
the  practice  of  repeating  the  process  the  second  year  has  grown  up.     The 
Mme  clearing  will  bear  cultivation  again  after  from  twelve  to  twenty  years : 
when  it  has  been  cultivated  for  only  one  season  the  stumps  of  the  trees  shoot 
oat  again  if  only  once  cut  and  burnt ;  but  if  this  is  done  a  second  year,  they 
perish,  root  and  branch,  and  the  spot  is  ever  after  productive  of  nothing  but 
Bcmb.    The  soil  has  been  totally  exhausted,  and  produces  nothing  but 
weeds.    It  is  probably  thb  practice,  which  did  not  formerly  exist,  that  has 
caoaed  such  extensive  destruction  of  the  forest. 

*'9.  Coomri  cultivation  is  therefore  directly  injurious  to  the  revenue;  it 
las  a  demoralizing  effect  upon  a  great  number  of  people,  and  is  in  all  respects 
oljeetionable,  except  under  the  circumstances  explained  in  the  following 
paragraph.  The  renting  system  is  unproductive  of  revenue,  and  destructive 
of  the  forests  ;  I  am  therefore  of  opinion  that  it  ought  to  be  abolished,  that 
the  forests  should  be  kept  in  the  hands  of  Government  and  preserved,  and 
that  Coomri  should  be  adtogether  forbidden,  except  under  strict  supervision, 
sihI  the  orders  of  the  superintendent 

**  10.  There  are  some  parts  of  the  country  where  clearing  the  jungle  might 
be  done  with  great  advantage  in  many  ways.    There  are  extensive  ranges  of 
i^uigle  oompoMd  of  bamboo  and  stunted  trees,  which  are  quite  unproductive 
*  Bkutine  eoraeanOf  Bteknu  wmmnmk  and  Q^amu  Mieui. 
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and  the  clearing  of  which  I  would  encourage.  The  pt(i>^  fli^i  be  lUgkt 
to  clear  and  cultirate  the  land  in  a  way  which  wonki  not  be  desmeihc  rf 
its  power>}.  There  are  immense  ranges  of  this  Isind  of  Jiingle  between  Cluik> 
moogloor  and  Belalryandroog,  and  in  the  LuclLWolly  iSdook^  to  the  f^rf 
the  Bababooden  Hills,  which  produce  nothing  whaterer,  nnd  are  tery  tl* 
healthy.  In  other  parts,  more  to  the  east,  there  are  similar  jnngks,  trloA 
produce  sandal-wood.  In  these,  Coomri  could  be  allowed,  cure  being  fita 
of  the  sandal-wood.  It  is  along  the  Ghauts  where  I  think  CooMri  isputiei' 
larly  objectionable  ;  there  the  forests  are  composed  of  finetimbeNtrees^kU 
mauy  valuable  productions,  and  are  perfectly  healthy  *  and  it  is  there  wtai 
the  formation  of  rain  would  be  most  affected  by  clearing  the  forest 

"  11 .  To  bring  out  the  value  of  the  forests,  not  only  should  that  which  exi* 
be  preserved,  but  considering  the  vast  importance  of  its  timber,  teak  ahosli 
be  planted,  as  is  done  in  other  parts  of  India.  Hearing  of  the  safleeaM 
planting  of  teak  in  Malabar,  I  applied  to  Mr.  Conolly,  the  collector,  for  it* 
formation,  and  he  has  been  kind  enough  to  send  me  a  memortUadum  of  Ul 
method  of  planting,  which  he  tells  me  is  most  successful ;  I  am  confident  All 
the  same  could  be  done  in  many  parts  of  Nuggur,  in  the  most  faTonfalile 
positions  along  the  banks  of  the  Toongaand  Bhudra  rivers.  Where  teak  g^ 
spontaneously,  and  where,  from  the  facility  of  transportation  afforded  hj  ttj 
.  river,  it  would  become  very  valuable.  I  annex  a  copy  of  the  memorandnal 
have  received  from  Mr.  Conolly.  I  have  collected  a  quantity  of  tealweed^ 
and  Dr.  Cieghorn  undertakes  to  raise  seedlings  here,  which  I  purpoMi  V 
plant  as  an  experiment  along  the  banks  of  the  Toonga,  between  8i  "^^ 
and  Mundagudda,  where  formerly  teak  grew  large  and  abundantiy* 

"12.  Should  the  Commissioner  sanction  my  proposed  to  preserve  the 
and  form  plantations  of  teak,  it  will  be  necessary  to  keep  up  a  small  estHbU* 
ment.  Perhaps  the  following  wOUld  be  sufficient  fbr  the  present  :-*^ 
Darogha  on  6  rupees  per  month,  and  twelve  Carnatties  on  9  rapeefc  It  ^ 
desirable  not  only  to  plant  young  trees,  but  to  facilitate  the  growth  bf  ^ 
spontaneous  seedlings  by  clearing  away  obstructions.  Buchanan  reflttrbtf 
this  subject  in  the  same  paragraph  that  I  have  quoted  above,  *  I  know  rf*» 
place  that  would  answer  better  for  rearing  a  teak  forest  than  thti  bafiB  « 
the  Toonga,  where  close  to  the  river  there  is  much  excellent  toil  wbieHj 
considered  as  useless,  as  there  are  on  the  spot  many  fine  teak-tree^  ^^^ 
Would  be  required  would  be  to  eradicate  the  trees  of  less  valUe^  which  I  m 
upon  as  a  necessary  st&p  to  procure  any  considerable  quantity  of  teal^  ^ ' 
well-regulated  government'  This  remark  is  perfecUy  applicable  to  tie 
locality  I  have  in  view.  Which  is  twenty  mileti  lower  down  the  Hvef  than  ^ 
place  he  alluded  to.  « i  h^ve,  &e., 

(Signed)    «  W.  C.  Onslow,  Superintaided 

'< '  The  depredations  of  wood*cutters  seem  to  have  suffered  no  check  iifl^ 
the  last  year,  and  I  fear  the  means  taken  are  still  very  insufficient  topr^v^ 
indiscriminate  havoc.  To  give  you  some  idea  of  the  waste  of  valoahia  ^ 
ornamental  timber  in  this  country^  I  will  just  mention  what  I  diseov^  f' 
Hydrabad.  I  was  in  want  of  light-coloured  wood  for  picture-framesi  9^ 
applied  to  the  regimental  contractor:  what  was  my  surprise  to  find  tl^ 
every  third  or  fourth  log  in  his  great  store  of  firewood  was  most  bewtf"" 
satin-wood  of  large  size  I  Only  imagine  the  victuals  of  a  Whole  regipettt,!** 
to  say  of  a  large  community,  being  cooked  with  satin-wood  I  On  tlii<^ 
becoming  known,  applicants  for  the  satin-wood  became  numerous^  I  ^' 
^ider  it  nearly  equal  to  the  bird's-eye  maple  fbr  ornamental  work/       ^ 

« '  Gapx.  HARvn,  in  Uteris.*     \ 
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In  ihti  follbwing  extract  of  a  letter  fVom  Dr.  Wight  to  Dr.  Cleghomt 
dat^  Coimbatore,  Srd  April,  1851,  it  iB  well  observed,— <* As  to  the  destruo* 
doD  of  forests,  it  appears  to  me  that  there  can  be  but  one  opinion  on  the 
labject,  and  that  is,  that  it  is  most  injurious  to  the  welfkre  of  any  countryi 
but  especially  of  a  tropical  one,  and  ought  upon  no  account  to  be  tolerated^ 
except  where  the  ground  they  occupied  can  be  turned  to  better  account^  and 
even  the  entire  denudation  should  be  avoided.  I  am  not  yet  prepared  to 
admit  that  trees  hare  the  property  of  attracting  rain-clouds,  and  thereby  in- 
creasing the  quantity  of  rain  that  falls ;  but  there  can  be  no  doubt  that  they 
increase  the  retentiveness  of  the  soil,  and  moreover  keep  it  in  an  open 
absorbent  state,  so  that  in  place  of  the  rain  running  off  a  scorched  and  baked 
•dl  as  fast  as  it  fklls  to  the  earth,  it  is  absorbed  and  gradually  given  out  by 
springs.  I  am  not  prepared  to  go  so  far  as  to  say,  that  forests,  especially  on 
mgh  hills,  have  not  the  effect  of  attracting  rain-clouds,  but  I  am  quite  sure 
that  if  they  to  ever  so  small  an  extent  have  that  property,  the  benefit  is  aug« 
taented  a  hundred-fold  by  their  property  of  maintaining  an  open  absorbent 
Mil. 

"  On  this  ground  it  is  that  I  should  like  to  see  this  country  extensively 
planted,  especially  on  all  the  elevated  lands,  because  water  absorbed  in 
dbvated  grounds  forms  springs  in  the  low  ones :  you  truly  say,  that  short- 
sighted  folly  has  already  done  much  mischief,  and  the  Ryots  have  suffered 
to  an  immense  amount.  This  is  most  true,  but  the  difficulty  is  to  put  the 
saddle  upon  the  right  horse.    Who  has  done  the  mischief? 

''  Within  about  fifty  miles  of  the  spot  whence  I  write,  a  tract  of  country  has 
been  cleared  ;  the  result  is  that  the  inhabitants  are  now  so  much  distressed 
for  the  want  of  water  that  they  contemplate  leaving  the  country,  their  wells 
being  all  dry.  On  inquiry,  it  does  not  appear  that  the  rains  have  fallen  below 
the  usual  average,  but  notwithstanding,  the  country  has  become  so  dry  that 
their  wells  no  longer  provide  a  sufficient  supply  of  water. 

<'  Major  Cotton,  fVom  whom  I  have  the  inforuiation,  attributes  it  to  the  rain 
mnning  off  the  baked  soil  as  fast  as  it  falls,  in  place  of  sinking  into  the  earth 
and  feeding  sprincs.  The  subject  is  now  attracting  attention,  and  doubtless 
lefore  long  it  willbe  ascertained  whether  forest  has  the  effect  of  augmenting 
the  fall  of  rain>  or  whether  it  results  from  the  increased  Capacity  of  the  sou 
for  moisture.  If  the  former,  it  is  to  be  hoped  that  extensive  plantations  will 
he  had  recourse  to  as  a  means  of  equalizing  the  monsoons  ;  and  if  the  latter, 
that  it  will  be  adopted  as  a  means  of  retaining  the  water  that  falls  from  the 
douds.** 

CoBcerning  the  vast  forests  on  the  opposite  side  of  the  Bay  of  Beneal,  the 
(riDcipal  observers,  so  far  as  we  can  learn,  have  been  Wallich,  Heifer, 
Griffiths,  Blundell,  Seppings,  and  Olliley. 

Dr.  Heifer,  who  has  written  a  Report  on  the  Tenasserim  Provinces,  speaks 
of  the  Teak  as  furnishing  one  of  the  greatest  riches  of  the  country,  and  being 
the  foundation  of  all* those  improvements  which  have  followed  our  acquisi* 
tion  of  it.  He  informs  us  that  many  trees  perish  by  bad  management ;  that 
laany  trees  which  are  killed  are  not  found  subsequently  fit  for  use ;  that  they 
are  suffered  to  decay,  and  generate  a  host  of  insects,  which  attack  good 
trees  before  they  are  seasoned,  and  that  much  timber  is  wantonly  destroyed. 
•*The  same  negligence  of  the  natives  which  reigns  throughout  the  country 
with  regard  to  wanton  destruction  of  the  forests  by  fire,  extends  equally  to 
teak  forests ;  and  I  saw  extensive  tracts  utterly  destroyed,  because  it  was 
the  pleasure  of  some  wild  Karean  to  fix  his  abode  in  the  vicinity,  and  for  this 
purpose  to  dear  the  jungle  by  burning  all  down. 

^  As  teak  is  such  a  y  Juable  article  in  general,  and  it  may  be  safely  asserted. 
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hitherto  the  only  one  to  which  Moulmein  owes  its  daily  increasing  praperiij, 
the  preservation  of  teak  forests  should  be  the  principal  care  of  go?eniiDeBL' 
The  following  observations  are  extracted  from  a  paper  by  Mr.O'RiIej,ii 
a  recent  numbHsr  of  the  'Journal  of  the  Indian  Archipelago:'— <*  At  the 
head  of  the  vegetable  productions  of  spontaneous  growth  of  these  pro^ioees, 
the  Teak  of  its  extensive  forests  holds  the  most  prominent  place ;  formiogM 
it  doesy  the  only  staple  article  of  commerce  that  has  as  yet  undergooe  edj 
degree  of  development,  and  upon  which  the  interests  of  the  port  of  MoolmeiB 
have  arisen  and  steadily  progressed  to  their  present  scale  of  importance. 

"  Many  obstacles  oppose  themselves  to  the  attainment  of  an  aeconte 
knowledge  of  the  actual  resources  of  the  teak  localities ;  the  most  impoitut, 
and  the  only  insuperable  one,  being  the  excessive  unhealthiness  of  theforots 
which  possess  an  atmosphere  loaded  with  malaria,  and  fraught  with  (tret  to 
all  persons  unused  to  its  baneful  influence.  Since  the  demand  for  tok- 
timber  for  the  home  market  has  been  created,  it  will  be  apparent  from  dn 
following  statement  of  the  exports  from  1840  to  1848,  that  the  quantitf  to 
be  obtained  is  fully  equal  to  the  demand  for  it ;  and  this  b  more  evideotfroB 
the  circumstance  of  there  being  at  the  present  time  a  stock  of  rough  kgs 
equal  to  15,000  tons  of  converted  timber,  which  has  not  yet  paned  tk 
general  department,  the  absence  of  a  demand  preventing  the  headers  fna 
paying  the  duty  upon  it. 

Exports  of  teak-timber  for  the  years  from  1840  to  1848  indtum. 

1840 4,952  tons. 

1841 6,399    „ 

1842 11,487     „ 

1843 ia528    „ 

1844 14,245    „ 

1845 13360    „ 

1846 16,798    „ 

1847 11,250    „ 

1848 18,000    „ 

To  which  may  be  addeid  3415  tons  appropriated  to  ship  and  house  building) 
and  other  purposes,  giving  a  value  at  the  rate  of  40  rupees  pertonof  Compsnf* 
rupees  869,800  as  an  annual  amount  derivable  from  this  commercial  stapled 
Moulmein.*  *  *  *  For  the  due  encouragement  of  the  timber  trades  in  tbcfii^ 
instance  it  was  deemed  advisable  to  grant  licenses  to  cut  teak  within  certaii 
ill-defined  limits  to  parties  connected  with  the  trade  of  the  place,  which  teik) 
on  its  arrival  from  the  forests,  was  subjected  to  a  certain  rate  of  duty. 

"  For  the  preservation  of  the  forests,  certain  terms  were  demanded  M 
Government  from  the  holders  of  licenses,  to  the  effect  that  trees  bdovi 
standard  size  were  to  be  left,  and  for  each  full-sized  tree  felled,  a  steterf 
number  of  young  trees  were  to  be  planted,  the  latter  from  experiinei* 
having  been  found  to  be  impracticable.  With  so  frail  a  tenure,  it  mf^ 
have  been  anticipated  that  the  holders  of  such  licenses,  perhaps  without  any 
large  amount  of  capital  available  for  forest  purposes,  would  endeavour  to 
realize  the  largest  possible  amount  of  benefit  at  the  least  possible  outlay,  ^ 
out  reference  to  the  ultimate  productions  of  the  forests ;  hence  the  system  « 
sub-letting  supervened,  as  being  the  most  congenial  means  to  the  end;  and 
the  result  of  such  measure  has  been  the  working  of  the  forests  by  Bonwe*^ 
who  receive  an  advance  on  a  contract  to  pay  to  the  holder  of  the  cottiDg' 
license  the  half  of  the  timber  on  its  arrival  in  Moulmein.  To  the  same  eBS» 
must  be  assigned  the  reckless  destruction  of  property,  which  has  beooDK  a 
system  in  the  extraction  of  the  timber  from  these  forests.    Many  of  the  tre^ 
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being  of  the  largest  size,  and  admirably  adapted  for  ships'  masts,  are  for  the 
sake  of  convenience  and  expedition  in  their  transport  to  Moulmein,  cut  into 
lengths  of  more  manageable  dimensions,  say  from  fifteen  to  twenty  cubits,  and 
in  this  form  of  log  depreciate  the  value  of  the  original  spar  to  one-tenth  of 
the  amount  it  would  have  realized  as  a  ship's  mast  I  No  excuse  can  be  ad- 
mitted in  extenuation  of  this  defective  process  of  working  the  forests :  the 
most  powerful  and  effective  animal  power,  in  the  shape  of  elephants  (which 
are  in  general  use  in  the  forest  work),  is  abundant  and  cheap,  and  if  to  that 
power  the  simplest  European  mechanical  appliances  were  systematically 
applied  with  ordinary  skill  and  management,  the  British  navy  might  be 
masted  from  the  teak  forests  of  these  provinces. 

**  Whether  it  be  found  expedient  to  reserve  the  forests  as  a  government 
property  exclusively,  or  on  the  other  hand,  granting  right  of  property  in  per- 
petuity to  the  holders  of  forest  licenses  on  certain  well-defined  terms,  and 
thereby  enlist  their  pecuniary  interest  in  the  preservation  of  the  tree,  and 
improvement  of  their  grants, — whether  either  of  the  foregoing  form  the  basis 
of  the  ultimate  measures  of  Government,  it  must  be  evident  that  in  the 
establishment  of  a  well-organized  system  of  administration  instead  of  the 
present  obviously  defective  one,  permanent  good  must  result 

'*  The  subject  of  teak-timber  has  claimed  the  attention  of  several  public 
journals  of  late,  in  consequence  of  some  disclosures  made  in  the  proceedings 
of  the  Government  dock-yard  of  Bombay,  and  all  are  unanimous  in  directing 
attention  to  it  as  a  most  important  commodity,  demanding  the  most  stringent 
legislation  to  secure  supplies  for  the  future  from  the  British  possessions 
equal  to  the  growing  demand  for  it,  as  a  staple,  thus  noticed  by  the  *  Friend 
of  India': — *•  The  amazing  durability,  we  might  almost  say  indestructibilitv 
of  teak,  renders  it  not  only  one  of  the  most  valuable,  but  the  most  valuable 
woodf  in  a  climate  like  that  of  India,  where  the  elements  of  decay  are  so 
numerous  and  powerful,  where  dampness  brings  on  rapid  corruption,  and 
the  white  ant  devours  without  scruple.' 

''  The  principal  trees  of  Tenasserim  are  the  following,  some  of  them  classed 
by  Dr.  Wallich  in  his  notice  of  the  forests  of  these  provinces : — 

1.  Anao.  6.  Kouk  Kmoo. 

2.  Thengan,  ffopea  odoraia,  7.  Padouk,  Pterocarpus. 

3.  Peengado,  Acacia.  8.  Theet  Kha. 

4h  Bambwai.  9.  Toung  Baing. 

5.  Pumah,  Lagerstrcemia.  10.  Yin  dick,  '*  a  bastard  Ebony." 

**  The  forgoing  are  the  most  generally  known  woods  of  the  forests  in  common 
use  with  the  natives,  but  to  them  might  be  added  a  list  of  forty  or  fifly  others 
more  or  less  useful,  which  require,  but  a  careful  examination  to  reveal  some 
quality  that  may  render  them  of  serviceable  application.  Of  the  remaining 
forest  trees  and  shrubs  which  possess  valuable  properties,  the  following  are 
those  most  adapted  to  a  demand  for  European  consumption  ;  but  owing  to  that 
absence  of  commercial  enterprise  already  noticed,  are  at  the  present  moment 
all  excluded  from  the  list  of  exports  in  Great  Britain. 

Ih/es, 

Sapan-wood Casalpinia  Sapan Teni-yeit. 

Jack- wood Artocarpus  integrifolia  ....  Pemgnay. 

Red-dye Morinda  citrifolia Neepatsay. 

'^Of  trees  and  plants  possessing  odoriferous  properties    those  forming 
articles  of  trade  are  as  follows : — 
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NatiT6  Namis^ 

Kurrawa.  • .  i . .  .  •  LaufUi  Sasmffds  SasMfhirt. 

Kenamet    Sanialum JBasUrd  SitttdaUwood. 

Thee-Kye-bo. . . .  Lauru9  C\    Wild  Cinnamon. 

Akyan A  very  fragrant  and  a  refy  scarce  wood,  of  high  valiid 

with  the  natives. 

"  llie  oil-producing  trees  are — 

Ten-nyeng  and  Eing ;  both  of  the  class  Dipterocarpu8|.  and 
Theel-Tyee,  producing  the  black  varnish  peculiar  to  the  Burman  terri- 
tory, and  of  which  the  lacquered  ware  in  general  use  is  nouule. 

<'  The  Tavoy  province,  from  the  large  number  of  wood  oil'-trees  found  in 
its  forests^  supplies  the  whole  of  the  provinces  with  materiab  made  from  ths 
oil,  &c. 

'*  The  other  known  forest  productions,  which  in  quantities  would  form  a 
valuable  acquisition  to  the  exports  of  these  provinces,  are, — 

Gamboge)  produce  of  Tha^nahtan,  Gatcinia  eUiptica. 
Camphor)         ^^  Blumea. 

Balsam  tolU. 
Cardamoms. 

"The  trees  producing  both  Gamboge  and  Balsam  tolu,  are  unequally 
dispersed  through  the  jungles,  and  are  comparatively  scarce;  the  gamboge 
bredominates;  and  tnight  afford  a  considerable  quantity  of  the  article,  did  the 
knowledge  of  its  value  and  the  process  of  collecting  it  exist  with  the  Parens; 
the  tree  however  is  felled  indiscriminately  with  the  rest  of  the  forest  in  the 
annual  clearings  for  upland  paddy,  and  vegetable  plantations,  and  an  article 
which  forms  a  prominent  item  in  the  rich  exports  from  Siam,  is  on  this  side 
of  the  border  range  utterly  neglected  and  destroyed. 

**  The  most  common  weed  which  springs  up  afler  the  ilres  of  the  new 
clearings  in  the  jungle,  is  that  which  produces  the  camphor ;  of  its  abun- 
dance it  is  scarcely  necessary  to  remark,  that  it  is,  next  to  grass^  in  exceas  of 
all  other  spontaneous  vegetable  lif*e,  and  with  proper  appliances  in  tlie  ma- 
nufacture of  the  salt  (its  property),  might  be  rendered  useful  as  an  aflicle  of 
commerce*.** 

The  probable  effects  on  the  climate  of  Penang,  of  th^  continued  'desfarue- 
tion  of  the  hill  jungles  Of  that  inland,  are  ably  stated  by  J.  S.  Logan,  Esq., 
in  the  same  Jouttial  (vol.  il.  p.  534*  et  seq.).  "  It  was  remarked  that  the  whole 
of  the  eastern  front  of  the  range  (in  Penang)  has  within  a  few  years  been 
denuded  of  its  forest  i  the  greater  part  of  it  is  too  steep  for  any  permmient 
cultivation)  and  in  all  probability,  afler  the  fecundity  of  the  fresh  eoil  en* 
riched  by  the  ashes  of  the  trees  has  been  exhausted,  it  will  be  abandoned  by 
the  Chinese  squatters^  It  was  not  here  alone  that  I  was  surprised  to  see  the 
rapid  progress  Which  squatters  and  Chinese  charcoaUbumers  have  made  in 
destroying  the  jungles  in  the  hills  during  the  last  two  years*  In  Singapore^ 
the  present  zealous  Governor  (Col.  Butterworth)  has  in  an  enlightened  Bpirit« 
akin  to  that  which  has  for  some  time  characterized  the  Government  of  India 
in  reference  to  the  same  subject,  ahsoltUely  prohibited  the  further  destruction 
of  forests  on  the  summits  of  hills.  Representations  have  ollen  been  made  to 
the  local  authorities  at  Penang)  urging  the  necessity  of  reserving  the  Jungles 
on  the  summits  And  higher  slopes,  but  hithel'to  without  effect     The  reply 

*  Mr.  O'ttilfsy,  <Vegetabl6  Productions  of  Teuasserlm.'  PlOvin<  Jouin.  Ind.  ArdiipeL 
Feb.  1850.  ^^ 
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liM  been,  if  the  foi^ti  are  of  so  inuch  importance  as  the  asHtiUlturistd  Ibsist, 
they  must  have  a  certain  value  to  them,  and  they  are  at  liberty  to  purchase 
any  traet  they  ehbose.  But  it  id  impfacticable  for  the  holders  or  land  to 
unite  in  making  such  a  purchase;  andwereitatallpi'acticable,  the  tnajority, 
ffnm  ignorance  and  selfishness,  would  refuse  to  contribute.  But  cUtnate  con- 
eerM  tfu  wh^te  wmmuniiyy  and  its  prohibition  from  injui*y  is  one  of  the  duties 
of  Government*  In  Germany  and  France  there  are  especial  laws  tot  the 
proteetion  and  extension  of  forests'^.  It  is  nut  necessary  to  cite  Humboldt  or 
Boussingault  to  prove  the  great  influence  in  tropical  regions  of  forests,  and 
especially  mountain  forests,  in  attracting  and  condensing  cloUds,  diminhhing 
heal  iMiperaturei  and  increasing  humiMy^  But  if  tlie  forests  had  no  other 
eiFeei  than  to  protect  the  clay  soil  of  the  mountains  from  the  action  of  the  sun's 
ray^,  this  ought  alone  to  be  sufficient  to  secure  their  careful  preservation.  It 
is  in  this  soil  that  the  waters  which  supply  all  the  streams  or  the  island,  and 
which  percolate  downwards  to  the  lower  lands,  are  enclosed.  These  moun- 
tains are,  in  fact,  great  natural  reservoirs,  elevated  in  mid«alr  and  exposing 
the  most  extended  surfaces  possible,  which  are  covered  to  a  small  depth  with 
a  sponge  of  porous  decomposed  rock,  for  the  absorption  and  retention  of 
water.  In  ordlnaiy  seasons,  when  there  is  a  considerable  fall  of  rain,  the  im- 
portance of  preventing  the  contents  of  these  reservoirs  from  being  dissipated 
may  not  be  so  obvious ;  but  it  may  now  be  considered  a  well-established  fact 
that  the  Eastern  Archipelago  is  subject  to  periodical  droughts,  although  the 
laws  of  their  recurrence  are  not  yet  ascertained.  That  such  droughts  will 
again  and  again  happen,  and  are  in  fact  the  settled  course  of  nature,  admits 
of  no  question. 

^  Nature,  wlien  left  to  herself,  provides  a  compensatory  influence  in  the 
dense  leafy  forests ;  but  if  these  are  consigned  to  destruction,  every  successive 
drought  will  prove  more  baneful  than  the  preceding.  Unless  Government 
Will  reserve  at  least  the  steeper  mountain  tracts,  which  lire  not  adapted  for 
permanent  culture,  there  is  nothing  visionary  in  the  apprehension^  fbi*  it  has 
oeen  realised  in  other  localities^  that  in  some  prolonged  droughts,  after  the 
naked  sides  of  the  hills  have  been  exposed  to  the  direct  heat  of  the  sun,  evei'y 
stream  in  the  inland  will  be  dried  upi  and  universal  aridity  ensUet  The 
great  extent  to  which  the  mainland  of  Penang  has  beeh  shof h  of  its  ftirestsi 
would  of  itself  produce  an  urgent  necessity  for  a  stop  being  at  once  put  to  a 
war  With  nature,  which  must  entail  severe  calamities  for  the  future*  In  those 
mountaiiis  in  Greece  which  have  been  deprived  of  their  forests,  the  springs 
have  disappeared.  In  Other  parts  of  the  globe  the  same  consequence  has 
followed.  The  sultry  atmosphere  ahd  dreadful  droughts  of  the  Oape  de 
Verd  Islands  are  owing  to  the  destruction  of  the  forests.  In  large  districts 
oflndiay  climate  and  irrigation  tutve  rapidly  deteriorated  from  a  similar  cause, 
i^d  the  Government  having  become  fully  impressed  with  the  necessity  of 
respecting  the  stubborn  facts  of  nature,  even'  means  have  been  used  to  avert 
and  remedy  the  mischief.  Forests  which  had  been  so  easily  and  thoughtlessly 
cut  down  have  at  great  cost  been  restored.'' 

We  extract  the  following  very  interesting  results  of  tree  plantations,  show- 

*  They  have  tHe  same  in  ell  the  Italian  States.  So  for  back  as  1473  the  subject  attHibted 
the  attention  of  the  famous  Venetian  Council  of  X.,  by  which  a  law  was  passed  on  the  7th  of 
Jinniry  of  that  year,  reg^ating  in  great  detail  the  clearance  of  the  forests  on  iifrrajlrma, 
the  mooniain  forests  especially  were  protected  by  judicious  regulations,  which  were  renewed 
from  time  to  time  down  to  the  very  year  of  the  extinction  of  the  old  republics.  Tuscany  and 
the  Pontifical  governments  were  equally  provident. — IdrenUica  Magionata  di  Mengotti^  p.  321 
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ing  that  they  may  be  aelf-supporting,  from  an  article  in  the  Calcutta  Rerimr 
(No.  23),  by  Captain  R.  Baird  Smith,  Bengal  Engineers : — 

*<  The  formation  of  plantations  early  occupied  the  attention  of  the  Britah 
Superintendents  of  the  Western  Jumna  Canal.  Something  was  done  bj 
Captains  Blane  and  Tickell ;  but  it  was  left  to  Colonel  Colvin  to  proeeed 
systematically  in  this  useful  duty.  An  allowance  originally  of  2000  ropeei, 
afterwards  increased  to  SOOO  rupees  per  annum,  was  allotted  to  the  plss- 
tations,  and  they  have  been  spread  over  all  parts  of  the  canals  to  which  water 
could  reach.  The  trees  planted  are  chiefly  the  Siss(i,  the  Toon,  the  Riknr, 
the  Cirrus,  the  Saul,  and  the  Teak,  all  furnishing  wood  of  value  for  (Econo- 
mical purposes.  The  revenue  derived  from  the  plantations,  although  not 
large,  has  more  than  covered  all  expenditure  upon  them ;  and  their  ultimate 
value  will  be  very  considerable.  The  details  of  the  kind,  number  and  erti- 
mated  present  value  of  the  trees  on  the  30th  April  134*7,  are  shown  below:— 

Kikur  (  VacheUia  famesiana)    91,520 

Bambus  (Bambusa^  var.  sp.) 4,420 

Jamun  {Eugenia  Jambos) 6,914 

Kutchna  (BauMnia) 1,771 

Mangos  (Manffifera  incUca^ 1,060 

Mulbernr  (Morus^  var.  sp.}   18,746 

Nim  (Mdia  Azaderach) 7,126 

Cirrus  (Acacia  SeriMa) 13,966 

Siss(i  (palbergia  Sissoo)   1,84,252 

Toon  (Cedrela  toona) 35,487 

Sundry 9,990 

Total. . .  •   3,75,252 

'<The  estimated  value  of  these  trees  is  5,66,998  5  4  rupees,  and  the  total 
expenditure  by  Government  up  to  the  present  time  amounts  to  onlj 
27,363  5  7  rupees,  or  about  one-fourth  of  the  revenue  derived  from  the  plan- 
tations, as  shown  in  the  annexed  statement : — 

«  Statement  rf  Revenue  from  Sale  of  Wood,  Grass,  ^.frwn  tke  Pfen- 
tationsoftAe  Western  Jumna  Canals\ — 

RUPUS. 

1835-36 4,957  11    9 

1836-37 2,245    6    0 

1837-38 5,221     8   « 

1838-39 6,171    4    2 

1839-40 4,822  14  10 

1840-41 5,481     6    0 

1841-42 5,607    3    7 

1842-43 6,756  12   ^ 

1843-44 4327    5    S 

1844-45 5,149  11    1 

1845-46 7,056    0   1 

1846-47 10,167  10   4 


RUPEES. 

1820-21  .... 

....   635  11  0 

1821-22  .... 

....  1180  9  4 

1822-^  .... 

....   741  7  11 

1823-24  .... 

. . . .  656  0  10 

1824-25  .... 

....  545  7  7 

1825-26  .... 

....   370  9  9 

1826-27  .... 

....   718  13  11 

1827-28  .... 

....  1460  13  9 

1828-29  .... 

....  1289  8  8 

1829-30  .... 

....  1142  15  4 

1830-31  .... 

....  1265  4  8 

1831-32  , . . . 

....  2127  7  0 

1832-33  .... 

....  2651  2  11 

1833-34  .... 

....  3894  6  11 

1834-85  .... 

. . .  3,682  2  10 

Grand  total     90,822    6   4 


<<  The  plantations  on  the  Eastern  Jumna  Canal  were  commenced  iiiiud" 
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taneoiislj  with  the  canal  itself,  and  have  been  extended  syetematically  from 
that  period  np  to  the  present  time.  The  kinds  and  numbers  of  the  trees  in 
the  canal  plantations  are  shown  below : — 


Sissii    209,870 

Cirrus 8,058 

Kikur 28,501 

Nim 6,799 

Mulberry    9,305 

Bambus 1,906 


Lullow 2,774 

Teak    1,158 

Toon    15,967 

Sundry    7,416 


Total    291,754 


RUPEES. 

1840-41  

.    2,470    0    5 

1841-42  

.    1,645    3    5 

1842-43  

.    1,940    7    6 

1848-44  

.   1,413  12    9 

1844-45 

.    1,704     1  11 

1845-^6 

.    1,725  11     1 

1846-47 

Grand  total 

.    1,842    0  11 

21,977    2  lOf 

'*The  estimated  value  of  the  plantations  is  1,46,793  rupees;  and  the  total 
expense  incurred  by  Government  in  their  formation  up  to  April  1847,  is 
22,142  1  2  rupees,  which  sum,  as  will  be  seen  by  the  following  statement, 
has  been  nearly  covered  by  the  sale  of  wood,  &c.  from  the  banlu. 

**  Statement  of  Annual  Revenue  firom  Sale  cf  Plantation  Produce  on  the 
Eastern  Jumna  Canal: — 

RUPEES. 

1880-31 592  15  S 

1831-32 606    6  2 

1832-33 665    7  7i 

1833-34 773  11  8 

1834-35 815  15  5^ 

1835-36 i  1,034    9  4 

1836-37 1,168    5  2 

1837^8 1,222    5  2 

1838-39 1,073    9  1 

1839-40 1,282     8  0 

<<  In  addition  to  the  plantations  of  forest-trees,  grafted  mango  gardens 
have  lately  been  established  with  the  view  of  introducing  a  superior  fruit 
into  the  country  adjoining  the  canal.  Of  these  gardens  five  are  in  existencei 
contuning  about  300  trees  each,  and  being  from  three  to  five  acres  in  extent ; 
the  result  of  their  establishment  has  been  very  satisfactory ;  and  although 
only  one  of  the  number  has  yet  arrived  at  maturity,  they  have  proved  very 
successful,  the  demand  for  grafts  and  fruit  being  much  in  excess  of  the  means 
of  supply.  The  native  community,  for  whom  they  were  chiefly  intended, 
have  shown  their  appreciation  of  them  by  purchasing  a  large  number  of 
grafts,  and  there  is  every  probability  that  the  intention  of  Government  in 
sancUoning  the  project  will  be  fully  realized." 

The  following  observations  on  ihe  spread  of  tree-cultivation  throughout 
the  north-western  provinces,  are  from  the  Proceedings  of  the  Agricultural 
and  Horticultural  Society  of  India,  April  1841  :— 

<*The  Hon.  the  president  (Sir  Edward  Ryan)  called  attention  to  a  subject 
which  engaged  much  the  consideration  of  parties  interested  in  furthering  the 
agricultural  welfare  in  the  provinces  of  Upper  India.  He  alluded  to  the 
great  want  which  was  felt  for  a  sufficiency  of  timber-trees  and  firewood 
throughout  the  Azimghur,  Jaunpore,  part  of  the  Benares,  the  Dooab,  Rohil* 
cund,  and  Delhi  pro vi  aces,  now  that  the  manufacturing  energies  of  the  people 
were  becoming  aroused  by  the  increasing  demand  that  there  was  for  sugar* 
This  Society  (he  stated)  had  a  gold  medal  placed  at  its  disposal  by  Mr. 
Tucker,  for  presentation  to  any  individual  who  might  raise  the  largest  plan* 
tation  of  trees  in  the  Agra  presidency,  so  impressed  was  this  gentleman  of 
the  Deceflsity  of  some  stepa  being  taken  to  promote  so  important  a  measurer 
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<<  In  reoQmm0ndiog  inor^  general  attention  to  the  wlgc^  of  plmi&pg  k 
India,  it  is  perhaps  vmnecessary,  after  detailing  the  foregoing  facts,  to  dvd 
longer  on  what  appears  to  be  the  absolute  neceasitjr  of  something  being  dooe 
either  by  Government  or  by  individuals  for  the  preservation  of  old  forests  or 
the  formation  of  new  ones,  whether  this  be  immediately  profitable  or  not, 
because  so  long  a  time  is  required  to  bring  timber  to  perfection*  that  vnlesi 
some  means  are  adopted  to  provide  for  the  future,  so  great  a  dearth  of  timber 
will  be  experienced  as  to  put  a  stop  to  constructions  of  all  kinds,  that  is  to 
almost  everything  required  for  civilized  life,  or  to  force  the  Govemmeqtani 
natives  of  India  to  import  timber  at  any  sacrifice,  even  when  there  are  abun- 
dant tracts  of  unprofitable  land,  which  might  have  been  occupied  by  valoable 
timber,  and  which  would  have  yielded  yearly  some  returns  long  before  the 
trees  were  fit  to  cut  down.  In  India,  not  only  would  the  thinnings  and 
prunings  of  forests  be  required  for  all  the  purposes  for  which  these  are  sold 
in  Europe,  but  a  constant  demand  and  profitable  pa)e  must  alviray^  give  valoe 
to  even  the  smallest  fragments  of  wood  in  a  country  where  it  i^  the  upifervil 
fuel  for  daily  cooking  the  food  of  millions,  as  well  as  for  imparting  wannfh 
in  the  cold-weather  months,  and  required  also  for  all  the  chemical  arts  in 
which  heat  is  necessary,  some  of  which,  as  the  preparation  of  sugar  and  of 
indigo,  are  performed  on  the  very  farms  where  the  plants  are  grown.  The 
leaves  pilso  of  many  trees  are  employed  as  fodder  for  elephants,  camels,  and 
in  the  Himalayas  even  for  goats,  sheep,  find  homed  cattle.  They  are  col- 
lected also  when  dry  for  fuel,  and  are  preferred,  I  believe,  for  some  fires,  ai 
those  for  heating  ovens ;  but  their  more  legitimate  employment,  of  being  al- 
lowed to  enrich  the  soil,  becomes  neglected." — RoyUy  mSS,  cU. 

'*  Another  object  I  would  particularly  call  attention  to,  is  the  fellhigof 
timber  at  the  proper  season  when  the  sap  is  at  rest.  It  requires  no  botsout 
to  point  out  when  this  is  to  be  done ;  although  the  leaves  do  not  iall  off  in 
India,  as  in  more  temperate  climates,  it  is  impossible  to  find  any  diQoQ^^ 
in  decidingi  from  the  appearance  of  the  tree,  wl^en  the  time  for  felling  btf 
arrived.  Whep  the  sap  is  rising,  the  lei^ves  are  generally  somewbf^t  soft  Avl 
perfect ;  when  it  is  at  rest,  the  leaves  are  harder,  and,  in  India,  almost  ^vi^ 
porroded  by  insects.  In  consequence  of  the  facility  of  barking  a  tree  vhe* 
the  S4P  is  rising,  oaks  are  often  felled  at  this  season  iu  Englfrnd,  alw^ya  wit^ 
disfulvantage  to  the  timber ;  and  this  same  facility  of  barking  is  too  often  m 
inducement  to  the  renters  of  forests  in  India  to  fell  timber  at  improper 
periods  of  the  year."-^(Capt.  Munro  on  the  Timber  Trees  of  ]}enga],  io 
Asiatic  Society  of  Bengal,  No.  XL  new  seriesi  page  h) 

It  is  not  only  in  afibrding  indigenous  woods  of  wonderful  variety,  serving 
all  the  purposes  to  which  timber  is  applied,  that  the  Indian  forests  claim  o^ 
uttentive  consideration.  In  them  Nature  presents  to  us  other  sources  of 
wealth,  which  under  judicious  management  may  yield  a  considerable  iqcrane 
to  the  present  revenue.  Gums,  drugs,  dyes,  resins  abound,  as  gutta-peroliSf 
qaoutojiouc,  kino,  gamboge,  camphor,  dammerr  piney,  varnish,  wood^oB, 
with  many  other  products  not  sufficiently  known  or  appreciated,  but  wbi^bi 
iu»  the  light  of  European  science  penetrates  these  partially  explored  jegiofik 
will  be  applied  to  m^ny  useful  purposes  in  the  ^rts  and  sciences. 

The  Itonandr^  guOn  fiourished  for  centuries  in  its  native  jungles,  exuding 
its  juice  only  to  be  received  by  the  soil,  before  the  discovery  was  made  tb^t 
gutta-percha  was  suited  for  such  an  infinite  number  of  applications  (tbepflK 
perties  of  the  other  species  remain  to  be  examined),  and  the  geograp^cal 
limits  of  tbp  Taban^Vpee  h^ve  yet  to  ha  aacert^ined.  To  urge  the  nec^sMlf 
of  exeroising  careful  yigilwoe  in  protecting  the  tr<ics  whence  ap  vcdtudrffl  n 
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product  u  deriyed,  will  perbups  appear  uoDecessary,  but  we  know  that  even 
Ibeir  admitted  fioancial  value  baa  not  been  sufficient  to  protect  them  from 
thoughtlea?  waste,  but  the  contrary,  as  has  been  illustrated  by  various  writere 
iq  the  Journal  pf  the  Indian  Archipelago. 

The  recent  discovery  of  the  source  of  East  {ndian  Kino  by  Dr.  Boyle*, 
the  researches  of  Dr«  Christison  as  to  the  new  varieties  of  gamboge,  ftnd  the 
various  investigations  of  Dr.  Perejra,  are  instances  of  interesting  and  im- 
portant advanoea  in  the  medical  botany  of  the  Indian  forests.  The  abundance 
of  PierocarpuM  mar$iqnum  over  the  continent  of  India,  producing  the  kino, 
aqd  the  pccurrence  of  Gareinia  pictoria  and  eUipHca^  yielding  the  gamboge, 
both  in  Coora  and  Burmab,  lead  to  the  conclusion  that  much  remains  to  be 
done  in  developing  the  pharmaceutic  resources  of  these  forests* 

We  are  awared  by  the  Rev,  Mr.  Mason  f,  Mr.  0'Biley|,  and  other  ob- 
•ervenh  that  the  gamboge*trees  {Garcini^  elliptica)  are  dispersed  through 
the  forests  of  Burmab  in  such  numbers  as  to  afford  a  considerable  quantity 
of  the  exudation,  did  the  knowledge  of  its  vidue  and  the  process  of  preparing 
it  exist  with  the  natives  (Kareans).  The  tree  however  is  felled  indiscrimi- 
nately with  the  rest  of  the  forest  in  the  annual  clearings  which  take  place, 
and  the  article,  which  forma  a  prominent  item  in  the  rich  exports  from 
Siam,  is  on  the  eastern  side  of  the  border  range  utterly  neglected  and 
dettroved. 

^  The  districts  where  the  Burmese  gamboge  is  produced  are  nearly  in  the 
same  latitude  with  Cambodiat  where  the  commercial  gamboge  of  Siam  is 
known  to  be  collected ;  the  two  localitiea  are  even  at  no  great  geographical 
distance  from  each  other,  and  hence  a  strong  presumption  arises  that  the 
tree  of  Burmab  is  the  same  with  the  unknown  gamboge-tree  of  Siam§/' 

The  Coorg  or  Wynaad  gamboge-tree  haa  an  extensive  range ;  we  have 
seen  it  along  all  the  higher  parts  of  the  Malabar  Ghauts  for  fully  120  miles 
from  north  to  south,  and  in  some  parts  it  is  very  abundant ;  yet  the  produce 
for  the  aioet  part  is  made  little  use  of,  and  the  tree  is  considered  of  so  small 
value,  that  we  have  seen  the  supports  and  scaffolding  of  bridges,  &c,  entirely 
composed  of  the  stems  of  Qareima  piotariat  though  from  the  valuable  ob" 
aervatioDs  of  Dr.  Christison,  this  gamboge  may  be  advantageously  applied  to 
any  use  to  which  the  gamboge  of  Siam  is  habitually  put.  We  are  glad  to 
learn  that  it  is  now  becoming  much  used  as  a  pigment  || ;  and  as  the  exudation 
mav  be  obtained  in  large  quantity,  it  may  be  introduced  equally  to  European 
trade,  when  once  the  natives  learn  how  to  collect  it  in  a  state  of  purity,  and 
niake  it  up  in  homogeneous  masses,  in  imitation  of  pipe  gamboge,  the  finevt 
Siam  variety. 

The  names  of  the  trees  producing  gamboge  and  kino  should  be  added  to 
the  list  of  trees  protected  from  indiscriminate  destruction,  which  list,  so  far 
as  we  knovy  is  at  present  limited  to  the  Teak,  Ebony*  Black">wood  and  Sandal- 
wood. 

Many  other  trees  fhauld  no  doubt  be  added  to  this  list.  In  the  present 
itate  of  our  knowledge,  however,  we  shall  not  venture  to  refer  to  any,  except 
the  oil-yielding  trees,  of  which  the  commercial  importance  cannot  be  over^ 

^  PkaniMloevtfeal  Journal,  May  1846,  p.  600. 

t  Joarnsl  of  the  MiBiw  Society  of  Bengsl.  ±  Jounuil  of  Indian  Arcbipe)s|(Of 

I  Cbriitixonp  in  Pharmaceutical  Jouroal  for  Aug^ust  1846, 

n  In  illustration  of  the  variety  of  indi^nous  pigments,  we  may  state  that  one  of  oor 
mnbtr  (Dr.  Cleghom)i  finding  his  eolonr-box  becoming  exhausted,  was  enabled  to  supply 
itt  bis  delieiaapies,  without  ditBenlty,  from  the  natural  prodncti  of  the  iurroqnding  forett, 
Mttdipg  ysUoir  tpia  Qarmi^  pictoria,  blue  from  variova  species  of  Indim/era,  red  and 
m^£m  Oldf^hndia mnbflMff  ** Pnpplay  Cbnkkay"  {Venfilago })  an4  Vutica  keeifpr^ 
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rated,  and  to  which  comparatively  little  attention  has  yet  been  paid.  Is  die 
limits  of  a  report  like  the  present,  we  can  only  indicate  in  a  corsory  maiiBer 
the  names  of  the  more  important  and  best  known  trees  of  this  class.  We 
may  especially  allude  to  the  different  species  of  Bassia,  SdUingia  iebtfen 
(tallow-tree  of  China),  Vateria  Indica,  which,  from  the  high  meltiog'fohit 
of  their  oib  or  fats,  have  a  peculiar  importance  from  their  use  in  the  manii- 
facture  of  candles,  and  from  their  being  capable  of  replacing  animal  his  for 
other  purposes.  Of  those  trees  which  yield  fluid  oils,  CahpkyUtoB  int^ihfl- 
hum,  Aleuriies  triloba^  and  Pongamia  giabrcL^  may  be  particularly  mentioned 
(though  various  others  possessed  of  equally  valuable  properties  would  pro- 
bably be  discovered  by  a  more  careful  examination  of  those  forests).  The 
demand  for  oib  in  European  commerce  has  been  steadily  on  the  iacrease 
for  some  years  past,  and  the  quantities  consumed  are  now  so  large  that  these 
and  the  other  oleaginous  products  of  tropical  climates  must  sooner  or  later 
acquire  considerable  commercial  importance,  and  render  the  preservation  of 
the  plants  which  yield  them  deserving  the  attention  of  Grovemment,  not  so 
much  from  their  present  importance,  as  from  the  value  which  they  are  likdj 
soon  to  acquire. 

We  have  alluded  to  gutta-percha ;  its  brief  but  remarkable  history  wis 
lately  detailed  in  an  overland  journal.  The  history  oi gutta-percha  oTgvtta- 
iaban,  is  brief  but  not  uneventful.  Previously  to  1844  the  very  name  of 
gutta-percha  was  unknown  to  European  commerce.  In  that  year  two  cwts. 
of  it  were  shipped  experimentally  from  Singapore.  The  exportation  of 
gutta-percha  from  that  port  rose  in  1845  to  169  piculs  (the  picul  is  ISS^lbs.), 
in  1846  to  1S64,  in  1847  to  9296,  in  the  first  seven  months  of  1848  to  6768 
piculs.  In  the  first  four  and  a  half  years  of  the  trade  21,598  piculs  of  gutta- 
percha, valued  at  274,190  dollars,  were  shipped  at  Singapore,  the  whole  of 
which  was  sent  to  England,  with  the  exception  of  15  piculs  to  Mauritius,  470 
to  the  Continent  of  Europe,  and  922  to  the  United  States. 

But  this  rapid  growth  of  the  new  trade  conveys  only  a  faint  idea  of  tiie 
commotion  it  created  among  the  native  inhabitants  of  the  Indian  Archi- 
pelago. The  jungles  of  Johore  were  the  scene  of  the  earliest  gatlierings,  and 
they  were  soon  ransacked  in  every  direction  by  parties  of  Malays  and  Chi- 
nese, while  the  indigenous  population  gave  themselves  up  to  the  search  with 
Unanimity  and  zeal.  The  Tamungong,  with  the  usual  policy  of  Oriental 
governors,  declared  the  precious  gum  a  government  monopoly.  He  appro- 
priated the  greater  part  of  the  profits,  and  still  left  the  Malays  enough  to 
stimulate  them  to  pursue  the  quest,  and  to  gain  from  100  to  400  per  cent. 
for  themselves  on  what  they  procured  from  the  aborigines.  The  Tamnn- 
gong,  not  satisfied  with  buying  at  his  own  price  all  that  was  collected  by 
private  enterprise,  sent  out  numerous  parties  of  from  10  to  100  persons,  and 
employed  whole  tribes  of  hereditary  serfs  in  the  quest  of  gutta-percha. 

This  organized  body  of  gum-huuters  spread  itself  like  a  cloud  of  locusts 
over  the  whole  of  Johore,  peninsular  and  insular.  They  crossed  the  frontier 
into  Linga,  but  there  the  Sultan  was  not  long  in*  discovering  the  new  valoe 
that  had  been  conferred  upon  his  jungles.  He  confiscated  the  greater  part 
of  what  had  been  collected  by  the  interlopers,  and  in  emulation  of  the 
Tamungong,  declared  gutta-percha  or  gutta-taban  a  royalty.  The  knowledge 
of  the  article,  stirring  Uie  avidity  of  gatherers,  gradually  spread  from  Singa- 
pore northward  as  far  as  Penang,  southward  along  the  east  coast  of  Sumatim 
to  Java,  eastward  to  Borneo,  where  it  was  found  at  Brune,  Sarawak  and 
Potianak  on  the  west  coast,  at  Keti  and  Passir  on  the  east.  The  imports  of 
gutta-percha  into  Singapore  from  the  1st  of  January  to  the  12th  of  July 
1848,  according  to  their  geographical  distribution,  were  from  the  Mala; 
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peninsula  598  piculs,  from  the  Johore  Archipelago  1269,  from  Sumatra  1066, 
fronoi  Batavia  19,  from  Borneo  55.  The  price  at  Singapore  was  originally 
8  dollars  per  picul ;  it  rose  to  24>,  and  fell  about  the  middle  of  1848  to  13. 
In  the  course  of  S^  years  270,000  taban-trees  were  felled  in  order  to  get  at 
the  gum,  and  nothing  has  been  done  to  replace  them. — Express, 

We  cannot  help  adverting  in  this  place  to  the  superb  series  of  Indian  tim- 
bers in  the  Exhibition,  and  also  the  very  extensive  collections  of  woods  in  the 
East  India  House ;  the  former  contain  large  contributions  from  the  Northern 
Circars,  Coimbatore,  Assam,  Arrackan  and  Malabar.  The  East  Indian  Mu- 
seum contains  a  collection  of  1 17  specimens  sent  by  Dr.  Roxburgh,  100  from 
Java  by  Dr.  Horsfield,  and  ^56  from  Dr.  Wallich,  who  gave  the  duplicates 
of  his  collection  to  the  Society  of  Arts,  of  which  they  published  a  list  in 
their  Transactions,  voL  xlviii.  p.  4>39,  and  for  which  they  awarded  the  gold 
Isis  medal.  These  sufficiently  illustrate  the  great  variety  and  great  import- 
ance of  the  timber-trees  of  India,  of  which  the  following  are  the  kinds  chiefly 
used.  Much  useful  information  will  be  found  in  HoltzappfePs  Descriptive 
Catalogue  of  Woods  used  in  Turnery,  to  which  notes  have  been  added  by 
Dr.  Royle*. 

Ttmber- Trees  of  India. 

Botanical  Names.  ^  Natural  Orders. 

Tectona  grandis,  Teak    Verbenaceee. 

Gmelina  arborea „ 

Hemigymnia  Macleodii „ 

Vitex  arborea „ 

Premna  hircina    „ 

— -—  flavescens „ 

Cedrus  Deodara Pinacese. 

Cupressus  torulosa „ 

Diospyros  Melanoxylon Ebenaceae. 

Pterocarpus  marsupium,  Kino-tree    Fabaceee. 

santalinus     „ 

Dalbergia  Sissoo „ 

— -  latifolia,  Blackwood   „ 

Acacia  arabica,  Babool „ 

catechu    „ 

■'■         speciosa „ 

sundra „ 

Serissa „ 

Vachellia  famesiana    m 

Vatica  robusta Dipterocarpacese. 

Calophyllum,  Poon Garciuiaceae. 

Heritiera  minor Sterculiaceee. 

Tamarix Tamaricaceae. 

Rhododendron  arboreum    Ericaceae. 

Nauclea  cordifolia Cinchonacese. 

Hymenodictyon  excelsum „ 

Buxus  emarginatus,  Box Euphorbiaceae. 

Grewia  elastica   Tiliacea. 

Berrya  ammonilla    „ 

Quercus  dilatata  ...'*. Quercaceae. 

*  1  .have  here  to  express  regret  that  my  approaching  departure. for  India  prevents  me 
ran  giving  bo  complete  a  list  aa  I  could  wish,  and  entering  at  length  upon  details  regarding 
the  oeeonomic  uses  of  some  to  which  I  paid  considerable  attention  in  India. 
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BotanlMl  NamM.  Mttenl  Oitei. 

Cedrela  Toona Cedrdicett. 

Chloroxylon  Swietenia,  Satin-wood h 

Santalum  albam,  Sandal-vood »> 

Swietenia  Mahogani,  MahogaDy    t9 

So jmida  febrifuga $$ 

ChickruBsia  tabularia n 

Lagentromia LfthfaooB. 

Terminalia  tomentoaa Combretaoeo. 

■'  Belerica    »> 

Catappa    «> 

Cooocarpus  latifolia    ^ . .  99 

ArtocarpuB  integrifolia.  Jack Artoearpaocft. 

The  general  eoncliuions  which  appear  to  the  Committee  to  be  warranted, 
by  the  various  statements  of  fact  and  opinion  as  given  in  their  Report,  m 
summed  up  as  follows :— • 

1.  That  over  large  portions  of  the  Indian  Empire,  there  is  at  present  an 
almost  uncontrolled  destruction  of  the  indigenous  forests  in  pK^reas,  from 
the  careless  habits  of  the  native  population. 

2.  That  in  Malabar,  Tenasserim,  and  Scinde,  where  supervision  is  exer- 
cised, considerable  improvement  has  already  taken  place* 

S.  That  these  improvements  may  be  extended  by  a  rigid  enforcement  of 
the  present  regulations  and  the  enactment  of  additional  provisions  of  the  fol- 
lowing character ;  viz.  careful  maintenance  of  the  forests  by  the  pUntetaoo 
of  seedlings  in  place  of  mature  trees  removed,  nurseries  being  estahlisb^ 
in  the  immediate  neighbourhood, — prohibition  of  cutting  until  trees  are  well- 
grown  with  rare  and  special  exceptions  for  peculiar  purposes.  In  cases  of 
trees  yielding  gums,  resins,  or  other  valuable  products,  that  greater  care  be 
taken  in  tapping  or  notching  the  trees,  most  serious  damage  at  preieflt 
resulting  from  neglect  in  this  operation. 

if.  That  especial  attention  should  be  given  to  the  preservation  and  main- 
tenance of  the  forests  occupying  tracts  unsuited  for  culture,  whether  by  reason 
of  altitude  or  peculiarities  of  physical  structure. 

5.  That  in  a  country  to  which  the  maintenance  of  its  water  anppliea  is  of 
such  extreme  importance,  the  indiscriminate  clearance  of  forests  around  tbe 
localities  whence  those  supplies  are  derived  is  greatly  to  be  deprecated. 

6.  That  as  much  local  ignorance  prevails  as  to  the  number  and  nature  of 
valuable  forest  products,  measures  should  be  taken  to  supply,  through  ^ 
officers  in  charge,  information  calculated  to  diminish  such  ignorance. 

?•  That  as  much  information  which  may  be  of  practical  utility  is  contained 
in  the  Manuscript  Reports  and  Proceedings  of  the  late  '*  Plantation  Coffl- 
mittee,"  it  is  desirable  that  the  same  should,  if  practicable,  be  abstracted  and 
given  to  the  public. 

To  show  tbe  sources  whence  the  information  has  been  derived,  the  Com- 
mittee annex  the  following  statement  of  authorities  :~- 

I.  On  the  general  question  of  Indian  Forests :-~ 

Dr.  Roxburgh :  In  Flora  Indica,  on  properties  of  difi^rent  Timber  Tre« 
of  India. 

Dr.  Wallich :  Reports  connected  with  Natural  Forests  of  the  Empire,  and 
Proceedings  of  Agri-Horticultural  Society  of  India. 

Dr.  Royle :  Productive  Resources  of  India.    Passim. 
M».  Report  on  Plantations. 
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On  the  Sources  of  East  India  Kino.    PharmaceuticalJoum.  April,  1846. 
Capt  Munro :  Timber  Trees  of  Bengal.    Joum.  As.  Soc^  Beng. 
Dr.  £•  G.  Balfour:   Eifeots  of  Trees  on  Climate  and  Phnluetiveuess. 
Madnu  Jaum,  Sc. 

II.  Forests  of  Malabar  and  Canara. 

Dr.  Gibson :  Various  Reports  on  the  above. 

Dr.  A.  Tumbull  Christie  :  Jameson's  New  Philosophical  Journal. 

Mr.  J.  Edje :  Malabar  Forests.    Joum.  As,  Voc,  11. 

Capt.  Threshie:  On  the  Timber  of  Malabar,  MS. 

Dr.  D.  Macfarlane :  Private  Correspondence. 

IIL  Travanoore. 

General  CuIIen :  On  the  Influence  of  Forests  on  Climate.  Madras  Joum. 
8e^  1850. 

IV.  Mysore. 

Dr.  Buchanan  Hamilton:  Journey  through  Mysore.    1801.    Passim. 

Dr.  Christison :  On  Gamboge,  a  Vegetable  product  of  the  Mysore  Forests. 
Pkarm.  Joum^  Aug.  1846. 

Capt,  Onslow :  Report  on  Forests  of  Nuggur,  MS. 

C.  J.  Smith,  Esq. :  On  Effects  of  Trees  on  Climate.  Madras  Joum.  Se.y 
1850, 

Dr.  H.  Cleghom :  Hedge  Plants  of  India.  .Ann.  Nat.  ffisLy  2nd  series, 
ToL  vi.    Also  MSS. 

V.  Coimbatore  and  Neilgherries. 

Dr.  Wight:  Private  Correspondence  and  Neilgherry  Plants. 

VI.  Tenasserim. 
Dr.  Wallich  z  Various  MSS.  very  valuable. 

Dr.  Heifer :  Reports  on  Tenasserim  Provinces.  Jaum.  Ariat.  Soe.y  Bengal. 
Mr.  Blundell:  Reports,  MS. 
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APPENDIX. 

In  1847  the  Court  of  Directore  sent  a  despatch  to  the  Sapreme  Govern- 
ment, reque^iting  the  attention  of  the  authorities  to  the  effect  of  trees  oo  tke 
climate  and  productiveness  of  a  conntiy  or  district  On  receiving  this  oomi- 
municatiou,  the  Madras  Government  directed  a  circular  to  their  reveBoe 
officers  requesting  them  to  forward  any  of  the  required  information  in  their 
power,  and  several  valuable  reports  were  accordingly  received  in  reply,  some 
of  which  we  annex  as  follows : — 

General  Cullen,  Resident  of  Travancore  : — "  There  cannot  perhaps  be  a 
more  beautiful  illustration  of  the  effect  of  mountain  chains  in  arresting  and 
condensing  the  vapour,  than  the  generally  luxuriant  forests  which  clothe  the 
eastern  as  well  as  the  western  ghauts,  but  which  cease  almost  imnsediatel j  on 
quitting  those  chains.  The  forests  on  the  east  coast,  as  might  be  expected, 
are  less  lofcy  and  luxuriant  than  those  in  Malabar,  not  only  from  the  BbSL  of 
rain  on  the  east  coast  being  only  half  that  of  Malabar,  but  also  because 
they  are  in  general  double  the  di<)tance  from  the  sea,  the  chief  source  of  all 
vapour. 

**  There  can  of  course  be  little  question  as  to  the  effect  forests  must  hare 
during  a  great  part  of  the  year,  in  preventing  the  dissipation  of  the  super- 
ficial moisture,  but  I  should  doubt  if  that  circumstance  can  have  much  in- 
fluence on  the  supply  of  water  from  springs.  The  effect  of  the  sun's  rays 
on  the  earth,  even  when  fully  exposed  to  them,  is  sensible  to  but  a  veiy 
inconsiderable  depth  from  the  surface,  and  not  at  all  so  far  as  the  subsidence 
of  the  water  forming  springs.  The  copiousness  of  springs  must  be  influenced 
so  much  by  a  variety  of  other  causes  as  to  render  the  effect  of  forests  hardly 
appreciable.  The  vicinity  to  elevated  table-lauds  and  mountains  and  hills, 
the  nature  of  the  rocks,  and  inclination  of  the  strata,  the  general  slc^  of 
the  country,  the  absorbent  qualities  of  the  soil,  &c^  must  all  have  the 
most  important  influence.  At  Trevandrum,  even  on  eminences,  the  weHs  at 
a  depth  of  forty  feet  from  the  surface  rise  occasionally  several  feet  with  a 
fall  of  rain  of  only  the  same  number  of  inches,  and  within  two  or  three  days 
after  heavy  falls. 

*'  In  the  forests  of  this  coast,  and  above  the  ghauts  in  the  western  parts  of 
Mysore,  Wynaad  and  Coorg,  the  trees  are,  I  believe,  everywhere  nearly 
destitute  of  leaves  during  the  early  part  of  the  year,  the  driest  and  the  hottest 
season ;  so  that  even  in  forest  tracts  the  earth  is  at  that  period  exposed  to 
nearly  the  full  force  of  the  sun  s  rays. 

**  The  long  grass  and  low  jungle  are  also  generally  burnt  down  in  these 
months,  and  the  general  heat  and  dryness  in  passing  through  such  tracts  are 
frequently  intolerable.  The  almost  entire  absence  of  moisture  and  springs 
in  forest  tracts  in  the  dry  season  is  well  known. 

**  The  district  of  Ernaad  in  Malabar,  formerly  so  celebrated  for  its  teak 
forests,  and  still,  I  believe,  with  much  forest  of  other  kinds,  is,  I  believe,  for' 
the  most  part  a  plain  and  nearly  level,  but  in  the  hot  season  is  like  the  other 
tracts  I  have  noticed,  equally  destitute  of  vegetation  and  moisture,  and  I 
speak  of  these  facts  from  having,  although  many  years  ago,  passed  over  aH 
the  tracts  in  question.'* 

Surgeon  C.  J.  Smith,  Bangalore : — <<  In  the  Mulnaad  and  Coorg  the  quan- 
tity of  rain  that  falls  is  very  great ;  and  to  what  can  we  attribute  this,  but 
to  the  influence  of  the  ghauts  and  hilly  country  inland,  covered  with  dense 
jungles,  which  attract  and  retain  the  largest  portion  of  the  south-west  mon- 
soon ?  Bellary,  Seringapatam,  and  Octacamund  are  nearly  in  the  same  pa- 
rallel of  longitude,  but  at  different  distances  from  the  line  of  ghauts,  and  to 
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this  circumstance  we  may  attribute  the  difference  in  the  falls  of  rain  at  these 
stations." 

Assistant-surgeon  Balfour,  in  his  notes  on  this  subject,  has  well  remarked, 
'that  the  observations  of  scientific  men  support  the  belief  that  a  mutual  re- 
action goes  on  between  these  two  physical  agents,  and  that  the  presence  of 
trees  greatly  adds  to  the  supply  of  water  and  feeds  the  running  streams.' 
The  instance  of  a  single  district  losing  its  supply  of  water  on  being  cleared 
of  forest,  and  regaining  it  again  when  restored  to  its  original  state,  would  not 
alone  establish  more  than  strong  presumption  that  the  clearing  of  the  forest 
and  the  loss  of  rain  followed  each  other  as  cause  and  effect ;  but  the  Ho- 
Dooiable  Court  of  Directors,  in  their  circular,  mention  that  this  is  not 
uncommon  in  America. 

On  the  subject  of  springs,  Assistant-surgeon  Balfour  quotes  from  Jameson's 
Edinburgh  Philosophical  Journal,  a  very  remarkable  instance  at  Popayan  in 
Peru,  of  a  district  losing  its  supply  of  water  from  the  clearance  of  the  forest  :-— 
"  Two  instances  corroborative  of  the  above  have  come  under  my  own  obser- 
vation, and  happened  to  friends  in  different  parts  of  the  country  engaged  in 
coffee-planting.  The  first  happened  in  a  range  of  hills  south-east  of  Ban- 
galore, at  a  coffee  plantation  now  called  Glen  more,  in  the  Debenaicottah 
talook  of  the  Salem  district.  The  proprietor,  when  preparing  ground  for  a 
coffee  garden  which  was  watered  by  an  excellent  spring,  was  warned  by  the 
natives  not  to  clear  away  the  trees  in  the  immediate  neighbourhood  of  his 
spring ;  he  disregarded  their  warning,  cut  down  the  trees,  and  lost  his  stream 
of  water.  The  other  instance  happened  at  the  village  of  Hoolhully,  about 
eight  miles  distant  from  the  head  of  the  new  ghaut  in  Mungerabad  ;  I  wrote 
to  the  gentleman  to  whom  it  occurred,  who  answered  as  follows : — '  The 
cutting  down  trees  and  clearing  jungle  on  the  sides  of  ravines  in  the  close 
vicinity  of  springs,  undoubtedly  has  a  great  effect  in  diminishing  the  quan- 
tity of  water.  I  found  it  so  in  one  or  two  instances  in  ravines  I  had  cleared 
for  pknting ;  at  one  place  where  I  had  a  nursery,  which  I  used  to  water  by 
taming  a  water-course  from  the  spring,  I  found  that  since  I  cleared  up  the 
sides  of  the  ravine  in  which  the  spring  is  (for  planting),  I  have  not  anything 
like  the  quantity  of  water  I  had  before  the  shade  was  cleared.  I  presume 
this  is  to  be  accounted  for  by  the  increased  action  of  the  air  and  sun  ;  at  any 
nte  the  natives  about  here  are  of  that  opinion.  I  leave  the  cause,  however, 
to  be  settled  by  more  scientific  men  than  myself;  that  the  effect  is  so,  there 
is  no  doubt  A  ravine  close  to  the  bungalo  where  there  is  a  spring,  a  few 
years  ago  I  cleared  for  planting,  and  found  the  water  decrease  in  like  manner; 
bat  the  coffee-trees  dying  away,  and  the  place  being  too  small  for  a  plan- 
tation, I  did  not  renew  them,  but  allowed  the  jungle  to  grow  up  again,  since 
vhich  the  stream  has  nearly  regained  its  former  size.' " 

The  superintendent  of  Nuggur  writes,  **  that  springs  of  water  shaded  by 
trees,  almost  invariably  dry  up  on  the  trees  being  cleared  away.  This  has 
been  observed  on  the  Neilgherry  Hills  and  many  other  woody  districts."  In 
what  way  trees  influence  springs  it  is  impossible  to  say ;  that  they  do  so 
seems  to  be  established,  as  also  that  they  condense  and  attract  vapour. 

**  This  effect  of  trees  in  mitigating  the  intensity  of  tropical  heat,  has  also 
been  alluded  to  by  the  present  superintendent  of  forests  in  our  western  pre- 
sidency, who  mentions  that  in  the  southern  districts  of  Guzerat  the  vicinity 
of  the  sea  and  the  proximity  of  the  mountain  tracts  covered  with  jungle,  tend 
to  render  the  climate  more  mild,  and  the  temperature  throughout  the  year 
more  equable  than  is  the  case  in  the  other  parts  of  the  province.  Further  in- 
land, and  in  the  immediate  vicinity  of  the  hills,  the  heat  is  greater,  and  in  both 
■ituations  the  humid  and  loaded  atmosphere  in  the  S.W.  monsoon  is  often  pain« 
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folly  felty  particularly  at  night  In  the  whole  of  thU  diitriet  rain  falls  in  i 
quantities  than  to  the  northward ;  in  the  jungle  districts  to  the  eaal»  tkft 
supply  of  rain  is  said  never  to  fail  in  the  driest  of  seasons,  and  it  often  fidb 
there  when  none  is  apparent  in  the  more  open  districts. 

**  It  is  in  such  tracts  as  these  that  rivers  rise,  for  from  the  namber^  heigb^ 
and  comparative  proximity  of  the  hills  to  the  southward  of  the  Taptee^  «a 
might,  d  priorif  suppose  tliat  the  supply  of  water  in  that  district  woald  be 
abundant :  and  such  is  actually  the  case,  as  we  find  in  a  breadth  of  fifty  nules 
eight  rivers,  all  containing  water  throughout  the  year.  Reasoning  from  these 
facts,  we  may  also  predicate  the  sort  of  country  in  which  these  rivers  have 
their  origin,  vis.  underlying  hilly  tracts  abounding  in  rich  soil,  highly  retoitive 
of  moisture,  and  rendered  still  more  so  by  luxuriant  jungle.** — Smrgmm  Gtbaam 
in  Tr.  Bomb.  Med.  and  Phys.  Soe.  Jaum^  pp.  37, 41. 

Report  from  Dr.  Gib$on,  dated  9ih  March  1846--'' In  the  ooUeetorate 
comprising  the  South  Conkan,  under  Bombay,  since  this  tract  haa  been 
denuded  of  forest,  as  it  now  has  been  to  a  great  extent  from  the  prcsaure  of 
population,  all  the  inhabitants  concur  in  asserting  that  the  springs  have  left 
the  uplands,  that  the  climate  has  become  greatly  drier,  the  seasons  more  un- 
certain, and  the  land  less  fertile.  I  believe  that  this  can  be  oonfirmed  by 
the  testimony  of  the  late  collector  Mr.  Elphinatone,  but  indeed  it  ia  most 
apparent  to  a  person  travelling  along  that  line  of  country,  as  I  have  juat  now 
been  doing,  mainly  with  the  intention  of  remarking  changes  which  have 
taken  place  in  the  interval  of  fif^n  years,  which  period  of  time  haa  elapsed 
since  I  visited  that  line  of  country  before ;  I  have  also  understood  that 
efiects  of  a  similar  kind  have  been  experienced  at  the  Neilgherry  Hills.  A 
change  of  climate,  similar  to  that  now  under  contemplation,  is  by  no  means 
limited  in  extent  to  the  mere  district  in  which  the  clearing  has  taken  place, 
.  but  its  influence  extends  fsr  inland.  Take  for  example  all  the  southern  and 
western  portion  of  the  Dharwar  Zillah.  This  fertile  country  abounds  m 
moisture,  insomuch  that  it  has  been  (though  rather  inaptly,  I  think)  com* 
pared  to  the  valley  of  ttle  Mississippi ;  at  all  events  American  upland  cotton 

frows  there,  which  it  will  hardly  do  in  other  parts  of  the  Bombay  presidency, 
think  it  is  not  too  much  to  say,  thai  much  of  this  moisture  depends  on  the 
wooded  country  forming  its  western  border,  and  that  with  the  complete  re- 
moval of  this,  the  climate  would  greatly  change.  My  own  opinion  is,  that 
in  the  Bombay  presidency  some  cause  of  this  kind  has  had  a  great  share  ia 
producing  that  irregularity  of  the  rainy  season  which  has  of  late  years  been 
so  much  complained  of,  as  to  diminished  fertility  of  the  soil  from  the  removal 
of  belts  of  wooded  country ;  the  rationale  of  this  is  most  evident." 


On  the  Reproduction  and  mtppo^ed  Exiitence  of  Seoual  Organs  in  ike 
Higher  Oryptogamoue  Plants.    By  Arthur  Hunprbt^  F.L.8. 

Having  been  prevented  by  the  pressure  of  other  engagements  from  comply- 
ing with  the  request  which  the  Association  did  me  the  honour  to  make  last 
year^  that  I  should  assist  Prof.  Lindley  and  Dr.  Lankester  in  preparing  a 
Report  on  Vegetable  Physiology,  I  venture  to  present  a  fragmentary  contri- 
bution on  tlie  subject,  relating  to  a  branch  of  the  science  to  which  my  atten- 
tion has  been  recently  strongly  attracted,  in  the  pursuit  of  my  own  investiga- 
tions.    I  was  the  more  induced  to  devote  the  short  time  at  my  disposal  to 
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dnwiag  up  a  sumniary  of  the  state  of  knowledge  of  the  reproduction  of  the 
higher  flowerleag  plaDts,  by  the  importance  of  the  discoveries  which  have  re- 
cently been  made  in  this  departments  tending  completely  to  change  the  general 
views  which  have  hitherto  been  entertained  by  most  botanists  as  to  the  extent 
to  which  sescuality  exists  in  the  vegetable  kingdoms  and  in  connexion  with 
other  new  facu  relating  to  the  Thidlopbytest  to  indicate  that  the  existence 
of  two  sexes  is  universal. 

Under  the  name  of  the  higher  Flowerless  Plants,  I  include  all  tliose  classes 
which  are  distinguished  on  the  one  hand  from  the  Thallophytes  or  Cellular 
plants  by  the  presence  of  a  distinct  stem  bearing  leaves,  and  on  the  other 
from  the  Monocotyledons  and  Dicotyledons  by  the  absence  of  the  organs  con* 
siitutiog  a  true  flower  i  they  are,  the  Hepaticse,  Musci,  Equisetaceasi  FiliceSi 
Lyeopodiaceae,  Isoetacess,  and  Marsileaceae  or  Rhizocarpes. 

On  no  subject  has  more  discussion  been  maintained  than  on  the  existence 
of  sexes  among  the  Cryptogamous  families.  The  discovery  of  the  two  kinds 
of  organs,  the  aniheridia  and  puUlUdia,  in  the  Mosses  and  Hepaticse,  and  of 
the  peculiar  organs  containing  analogous  spiral  filaments  in  the  Characeaoi  were 
for  a  long  time  the  chief  facts  brought  forward  by  those  who  supported  the 
sexual  hypothesis ;  and  in  the  endeavour  to  carry  out  the  view  into  the  other 
tribes,  a  similar  nature  to  that  of  the  antheridia  was  attributed  to  most  varied 
structures  in  the  Ferns  and  other  plants.  These  attempts  to  find  distinct 
sexual  organs  were  in  some  instances  pursued  with  so  little  judgement,  that 
(be  opinion  had  of  late  years  fallen  in  some  degree  into  discredit,  and  two 
circumstances  contributed  still  further  to  strengthen  the  doubts  which  were 
entertained.  The  first  was  the  exact  analogy,  pointed  out  by  Prof,  von 
Mohl,  between  the  mode  of  development  of  the  spores  of  the  Cryptogamia 
and  the  pollen^grains  of  the  flowering  plants,  which  interfered  very  import- 
antly to  prevent  any  comparison  between  the  sporangia  and  ovaries,  and 
apparently  determined  the  analogy  of  the  former  to  be  with  anthers.  The 
wcond  was  the  discovery  by  Prof.  Nageli,  of  organs  producing  spiral  fila* 
meots,  therefore  analogous  to  the  antheridia  of  the  Nfosses,  on  the  germ 
frondi  or  pro-^mbryo  developed  from  the  spores  of  the  Ferns. 

At  the  same  time,  the  facts  observed  in  Pilularia  were  altogether  equivo- 
csl.  Mr.  Valentine"^  traced  the  development  of  the  larger  spores,  exhibitiftg 
in  germination  an  evident  analogy  to  ovules,  from  cells  closely  resembling 
the  parent-cells  of  pollen  and  spores ;  while  Prof.  Schleiden  stated  that  he 
had  observed  a  fertilisation  of  these  supposed  ovules  by  the  smaller  spores 
resembling  pollen-grains,  and  thus  seemed  to  remove  the  ground  for  attri-* 
bating  a  fertilising  influence  to  the  spiral  filaments  contained  in  the  so*called 
tmihtridia  of  the  Cryptogams. 

In  this  state  the  question  remained  until  1848,  when  Count  Suminski  {* 
published  his  observations  on  the  germination  of  Ferns,  showing  that  the 
researches  of  Nageli  had  been  imperfect,  and  that  two  kinds  of  organs  are 
produced  upon  the  pro-embryo  of  tlie  Ferns,  one  kind  analogous  to  the 
mUheridia,  and  the  other  to  the  pisiilUdia  of  Mosses ;  from  the  latter  of 
which  the  true  Fern  stem  is  produced,  like  the  seta  and  capsule  from  the 
same  organ  in  the  Mosses  ;  further  stating  that  he  had  actually  observed  a 
process  of  fertilisation.  Soon  after  this  M.  G.  Thuret^  discovered  anthe- 
ridia like  those  of  the  Ferns  in  the  Equisetacese  ;  Nageli  §  had  previously 

*  Ltnnean  Transactions,  vol.  xtII. 

t  Sntwidcelangsgeichichta  der  Farrenfarilater.  Berlin,  1846. 

i  Ann.  des  Sci.  Nat.  ser.  3,  toI.  xi.  1849. 

I  2sLtschrift  fax  Wias.  Bottaik,  Heft  3.  Zoiiob,  1846. 
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published,  in  opposition  to  Schleiden's  observations,  an  account  of  the  pro- 
duction of  spiral  filaments  from  the  small  spores  of  PikdanOf  and  finaQj 
M.  Mettenius*  discovered  them  in  the  small  spores  o£  IsoHeM.  Thus  they 
were  shown  to  exist  in  all  the  families  above  enumerated,  with  the  exoeptioo 
of  the  Lycopodiacese,  in  which  they  have  recently  been  stated  to  exiit  by 
M.  Hofmeister  f .  Before  entering  into  a  detailed  account  of  their  discoveriei, 
it  may  be  mentioned,  that,  besides  their  well-known  occurrence  in  the  Cha- 
raceae,  which  most  authors  consider  as  Thallophytes,  antheridia  are  stated  by 
Nageli  to  exist  on  the  Floridese,  among  the  Algse ;  and  peculiar  bodies  to 
which  the  same  nature  has  been  attributed,  were  recently  discovered  by  M. 
Itzigsohn  in  the  Lichens ;  a  discovery  confirmed  by  Messrs^  Tulasne,  who 
state  that  analogous  bodies  exist  in  many  Fungi.  Our  knowledge  of  theie 
latter  points  is,  however,  far  less  definite  than  that  concerning  the  higber 
tribes,  and  I  shall  not  include  them  in  the  following  summary. 

One  of  the  most  remarkable  circumstances  concerning  the  antheridia  of 
the  leaf- bearing  Cryptogams,  is  the  very  varied  nature  of  the  time  and  place 
of  their  development ;  so  great  indeed  is  this,  that  it  is  only  their  essential 
structure,  and  the  production  of  the  moving  spiral  filaments  in  particolari 
which  warrants  the  assumption  of  their  identity  of  function  in  the  difiereot 
families.  In  order  to  make  these  variations  clearly  comprehensible,  it  will 
be  necessary  to  describe  the  characters  exhibited  in  the  germination  of  the 
spores  in  each  tribe,  as  it  is  only  by  this  means  that  the  important  pecalia- 
rities  of  each  case  can  be  made  evident.  It  will  be  most  convenient  to  give 
a  separate  sketch  of  all  that  is  known  of  the  process  of  reproduction  in  eadi 
family,  taking  these  separately  and  in  succession;  after  this  we  shall  beint 
position  to  compare  them  together,  and  trace  out  their  differences  and  ana- 
logies ;  the  advantage  of  recalling  all  the  essential  facts  to  memory  will,  I 
trust,  serve  as  an  apology  for  the  introduction  of  much  that  is  already  fsni' 
liar  to  most  botanists. 

Mosses, — The  antheridia  of  the  Mosses  occur  in  the  axils  of  the  leam 
or  collected  into  a  head,  enclosed  by  numerous  variously  modified  leaves, 
at  the  summit  of  the  stem.  They  are  produced  either  on  the  same  heads  ai 
the  pistillidia,  or  in  distinct  heads  on  the  same  individuals,  such  Mossesbeing 
called  monoecious ;  or  the  heads  are  found  only  on  distinct  individuals,  audi 
Mosses  being  termed  dioecious.  The  structure  of  the  anthcridium  if  ta- 
ceedingly  simple ;  it  consists  of  an  elongate,  cylindrical  or  club-shaped  sac,  the 
walls  of  which  are  composed  of  a  single  layer  of  cells,  united  to  form  a  de- 
licate membrane.  Within  this  sac  are  developed  vast  numbers  of  minnte 
cellules,  completely  filling  it,  and,  the  sac  bursting  at  its  apex  at  a  certais 
period,  these  vesicles  are  extruded.  When  the  nearly  perfect  sacs  are 
placed  in  water,  the  vesicles  within  appear  to  absorb  water,  and  swell  so  as 
to  burst  the  sac  of  the  antheridium,  and  often  adhering  together,  they  col- 
lectively appear  to  form  masses  larger  than  the  cavity  from  which  they  have 
emerged.  Through  the  transparent  walls  may  be  seen  a  delicate  filament 
with  a  thickened  extremity,  coiled  up  in  the  interior  of  each  vesicle.  Oft* 
before  the  extrusion,  but  always  shortly  after,  a  movement  of  this  filameflt 
is  to  be  observed  when  the  object  is  viewed  in  water  under  the  microscope. 
The  filament  is  seen  to  be  wheeling  round  and  round  rapidly  within  tbe 
cellule,  the  motion  being  rendered  very  evident  by  the  distinctness  of  the 
thickened  extremity  of  the  filament,  which  appears  to  be  coursing  round  tbe 
walls  of  the  cellule  in  a  circle.     According  to  Unger,  this  filament  breais 

*  Beitriige  snr  Botaoik,  Heft  1.  Heiddberg,  1860.  f  Hon,  1850,  p.  700l 
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out  of  its  parent  cellule  in  Sphagnum ,  and  then  appears  as  a  spiral  filament 
moving  freely  in  water,  in  fact,  as  one  of  the  so-called  spermatozoa. 

The  pistillidia  of  the  Mosses  are  the  rudiments  of  the  fruit  or  capsules. 
When  young,  they  appear  as  fiask-shaped  bodies  with  long  necks,  composed 
of  a  simple  cellular  membrane.     The  long  neck  presents  an  open  canal  like 
a  style,  leading  to  the  enlarged  cavity  below,  at  the  base  of  which,  according 
to  Mr.  Valentine*,  is  found  a  single  cell  projecting  free  into  the  open  space. 
This  single  cell  is  the  germ  of  the  future  capsule ;  at  a  certain  period  it  be- 
comes divided  into  two  by  a  horizontal  partition,  the  upper  one  of  these  two 
again  divides,  and  so  on  until  the  single  cell  is  developed  into  a  cellular  fila- 
ment, the  young  seta ;  the  upper  cells  are  subsequently  developed  into  the 
um  and  its  appendages,  and  as  this  rises,  it  carries  away  with  it,  as  the 
calyptra,  the  original  membrane  of  the  pistillidium,  which  separates  by  a  cir- 
cnmscissile  fissure  from  the  lower  part,  the  future  vaginula.     These  obser- 
vations of  Valentine  are  not  exactly  borne  out  by  those  of  Schimperf  in 
some  of  the  detail  points.     According  to  this  author,  the  lower  part  of  the 
jHstillidium  (the  germen  of  Dr.  Brown)  begins  to  swell  at  a  certain  time, 
when  a  capsule  is  to  be  produced,  becoming  filled  with  a  quantity  of  what 
he  terms  **  green  granulations."   As  soon  as  the  thickness  has  become  about 
that  of  the  future  seta,  the  cell-development  in  the  horizontal  direction  ceases, 
and  its  activity  is  directed  chiefly  to  the  upper  part,  which  begins  to  elon- 
gate rapidly  in  the  direction  of  the  main  axis.     This  elongation  causes  a 
sudden  tearing  off  at  the  base,  or  a  little  above  it,  of  the  cell-membrane 
enveloping  the  young  fruit,  and  the  upper  part  is  carried  onwards  as  the 
calyptra ;  the  lower  part,  when  any  is  left,  remains  as  a  little  tubular  process 
surrounding  the  seta.     While  the  young  fruit  is  being  raised  up  by  the 
growth  of  the  seta,  the  portion  of  the  receptacle  upon  which  the  pistillidium 
is  home,  becomes  developed  into  a  kind  of  collar,  and  at  length  into  a  sheath 
(the  vaginula)  surrounding  the  base  of  the  seta  which  is  articulated  into  it 
there. 

M.  Hofmeister^,  again,  describes  the  details  much  in  the  same  way  as 
Mr.  Valentine.     He  states  that  there  exists  at  the  point  where  the  '  style ' 
and  '  germen  '  of  the  pistillidium  join,  a  cell,  developed  before  the  canal  of 
the  style  has  become  opened.     In  those  pistillidia  which  produce  capsules 
this  cell  begins  at  a  certain  period  to  exhibit  very  active  increase ;  it  becomes 
rapidly  divided  and  subdivided  by  alternately  directed  oblique  partitions  into 
a  somewhat  spindle-shaped  body  formed  of  a  row  of  large  cells.     Mean- 
while the  cells  at  the  base  of  the  germen  are  also  rapidly  multiplied,  and  the 
k)wer  part  of  the  pistillidium  is  greatly  increased  in  size.     The  spindle- 
shaped  body  continues  to  increase  in  length  by  the  subdivision  of  its  upper- 
most cell  by  oblique  transverse  walls,  and  the  opposition  which  is  offered  by 
the  upper  concave  surface  of  the  cavity  of  the  germen,  causes  the  lower 
conical  extremity  of  the  spindle-shaped  body  to  penetrate  into  the  mass  of 
cellular  tissue  at  the  base  of  the  germen,  a  process  which  resembles  the 
penetration  of  the  embryo  into  the  endosperm  in  the  embryo-sac  of  certain 
flowering  plants.     The  base  of  the  spindle-shaped  body,  which  is  in  fact  the 
rudiment  of  the  fruit,  at  length  reaches  the  base  of  the  pistillidium,  and 
penetrates  even  some  distance  into  the  tissue  of  the  stem  upon  which  this  is 
teated.  The  growth  of  the  upper  part  going  on  unceasingly,  the  walls  of  the 
germen  are  torn  by  a  circular  fissure  and  the^  upper  half  is  carried  upwards, 

*  Lumean  Transactions,  voL  xrii. 
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bearing  the  calyptra,  the  lower  part  forms  the  vaginule«  The  upper  oellof 
the  spindle-shaped  body  then  becomes  developed  into  the  oapsule,  and  tin 
calyptra  often  becoming  organically  connected  with  this,  as  the  haie  of  the 
seta  does  with  the  end  of  the  stem,  it  in  such  cases  undergoes  further  deT^ 
lopment  during  the  time  it  is  being  carried  upwards  by  the  growing  firuiu 

The  view  now  entertained  by  Schimper,  Hofmeister,  and  others  of  the 
reproduction  of  the  Mosses  is,  that  the  antheridia  are  truly  male  orgiaiitad 
that  they  exert,  by  means  of  the  spiral  filaments,  a  fertilizing  influence  upon  the 
pistillidia,  it  being  assumed  that  those  bodies,  or  the  fluid  which  tlwj  an 
bathed  in,  penetrate  down  the  canal  of  the  style  or  neck*like  portioa  of  the 
pistillidium  to  reach  the  minute  cell,  the  supposed  embryonal  cell,  situated 
in  the  globular  portion  or  ^  germen '  o£  the  pistillidiumi  and  thus  reader  it 
capable  of  becoming  developed  into  a  perfect  fruit. 

No  such  process  of  fertilisation  has  actually  been  observed  in  the  Mo^ 
and  therefore  all  the  evidence  is  at  present  merely  circumstantial ;  butthiiii 
very  strong.  In  the  first  place  it  is  stated  as  an  undoubted  fact  by  Schimpn 
and  Bruch,  that  in  the  dioecious  Mosses,  those  on  which  the  antheridia  and 
pistillidia  occur  in  separate  plants,  fruit  is  never  produced  on  the  so-called 
male  plants,  and  never  on  the  so-called  female  unless  the  males  occur  in  the 
vicinity ;  several  examples  are  cited  in  the  work  of  Schimper  above  referred 
to ;  when  the  sexes  occur  alone,  the  increase  of  the  plant  is  wholly  dependeat 
on  the  propagation  by  gemmae  or  innovations. 

By  the  discovery  of  the  antheridia  and  pistillidia  in  the  other  higher  Crj* 
ptogams,  the  arguments  from  analogy  greatly  strengthen  the  hypotliesii  of 
the  sexuality  of  Mosses. 

Further  observation  is  required,  then,  for  the  direct  proof  of  the  oceur* 
rence  of  a  process  of  fertilization  in  the  Mosses  ;  but  the  facts  now  before  w 
all  tend  to  prove  their  sexuality  if  we  argue  from  analogy,  and  the  probabi- 
lities deduced  from  the  negative  evidence  above  referred  to  in  regard  to  the 
dioecious  species. 

It  is  unnecessary  to  give  any  account  of  the  well-known  structure  of  the 
Moss  capsules ;  yet  in  order  to  render  the  comparison  with  the  phsanomefli 
of  the  life  of  Mosses  with  those  of  the  other  leafy  Cryptogams  completCi  it 
may  be  worth  while  to  allude  to  the  germination  of  the  spores.  The  spore 
is  a  single  cell,  with  a  double  coat,  like  a  pollen-grain ;  this  germinates  bj 
the  protrusion  of  the  inner  coat  in  the  form  of  a  filamentous  or  gather  labo" 
lar  process,  which  grows  out  and  becomes  subdivided  by  septa  so  as  to  fona 
a  confervoid  filament.  The  lateral  branches  bud  out  from  wme  of  the 
cells,  some  elongating  into  secondary  filaments,  others  at  once  undergoing 
a  more  active  development,  and  by  the  multiplication  of  their  cells,  assuming 
the  condition  of  conical  cellular  masses,  upon  which  the  forms  of  Moss  Iostci 
may  soon  be  detected ;  these  cellular  masses  becoming  buds  from  which  the 
regular  leafy  stems  arise. 

Hepaiica. — The  genera  comprehended  in  this  family  present  a  woodeifvl 
variety  of  structure  in  the  reproductive  organs,  but  in  almost  all  of  them 
the  existence  of  the  two  kinds  of  organs  called  pistillidia  and  antheridia  hare 
long  been  demonstrated,  and  in  most  cases  the  development  of  the  sporangtf 
fronts  the  so-called  pistillidia  has  been  traced.  In  those  genera  in  which  the 
plants  most  resemble  the  Mosses  in  the  vegetative  portion,  as  in  JungenM^' 
nicBt  the  pistillidia  are  very  like  those  of  the  Mosses ;  this  is  also  the  caie 
in  Marchantia  ;  but  in  Pelfia,  Anthoceros  and  other  genera,  the  rudimeot  oi 
the  sporangium  bears  a  striking  resemblance  to  the  so-called  ovules  of  th^ 
Ferns,  Rhizocarpeeei  &c«  occurring  upon  the  expanded  fronds  very  uaeb  in 
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the  same  way  as  those  bodies  do  upon  the  pro^embryos  of  the  said  families. 
It  would  occupy  too  much  space  to  enter  into  a  minute  detail  of  the  various 
conditions  that  are  met  with.  -  It  is  sufficient  to  say  that  in  all  oases  the 
physiological  stages  are  analogous  to  those  of  the  Mosies ;  since  the  pistil* 
lidia  produced  upon  the  fronds  or  leaf-bearing  stems  developed  directly  from 
the  spores,  go  on  to  produce  a  sporangium  alOne,  in  which  the  new  spores 
are  developed,  without  the  intervention  of  the  stage  of  existence  presented 
by  the  pro-embryo  of  the  Ferns  and  Equisetacae,  where  the  pistillidia  and 
antheridia  occur  upon  a  temporary  frond,  and  the  former  give  origin  to  the 
regular  stem  and  leaves  of  the  plant. 

Ferns, — ^This  class  formed  for  a  long  time  the  great  stumbling-block  to 
those  who  sought  to  demonstrate  the  existence  of  sexuality  in  the  Crypto- 
gamous  plants.  The  young  capsules  were  generally  considered  to  be  the 
analogues  of  the  pistillidia  of  the  Mosses,  and  the  young  abortive  capsules 
which  frequently  occur  among  the  fertile  ones  were  supposed  by  some 
authors  to  represent  the  antheridia.  Mr.  Griffith*,  shortly  before  bis  death, 
noticed  a  structure  which  he  was  inclined  to  regard  as  the  analogue  of  the 
antberidium  in  certain  of  the  ramenta  upon  the  petioles. 

In  the  year  1844,  Prof.  Nagelif  published  an  account  of  his  observations 
on  the  germination  of  certain  Ferns,  and  announced  the  discovery  of  moving 
spiral  filaments  closely  resembling  those  of  the  Charse,  on  certain  cellular 
structures  developed  upon  the  pro«embryo  or  cellular  body  first  produced  by 
the  spore*  It  is  not  worth  while  to  enter  into  an  analysis  of  his  observations, 
as  they  have  since  been  clearly  shown  to  have  been  very  imperiect ;  it  is 
sufficient  to  state  that  he  only  described  one  kind  of  organ,  and  from  his  de- 
scription it  is  evident  that  he  confounded  the  two  kinds  since  discovered,  re- 
garding them  as  different  stages  of  one  structure.  The  announcement  of  this 
discovery  seemed  to  destroy  all  grounds  for  the  assumption  of  distinct  sexes, 
not  only  in  the  Ferns  but  in  the  other  Cryptogams,  since  it  was  argued  that 
the  existence  of  these  cellular  organs,  producing  moving  spiral  filaments,  the 
so-called  spermatozoa,  upon  the  germinating  fronds,  proved  that  they  were 
not  to  be  regarded  as  in  any  way  connected  with  the  reproductive  processes. 

But  an  essay  published  by  the  Count  Suminski^  in  1848  totally  changed 
the  face  of  the  question,  and  opened  a  wide  field  for  speculation  end  investi- 
gation on  this  subject,  just  as  it  was  beginning  to  fall  into  disfavour.  Count 
Suminski's  paper  gives  a  minute  history  of  the  course  of  development  of  the 
Ferns  from  the  germination  of  the  spore  to  the  production  of  the  regular 
fronds,  and  he  found  this  development  to  exhibit  phasnomena  as  curious  as 
they  were  unexpected.  The  cellular  organs  seen  by  Nageli  were  shown  to 
be  of  two  perfectly  distinct  kinds,  and  moreover  to  present  characters  which 
gave  great  plausibility  to  the  hypothesis  that  they  represented  reproductive 
organs ;  moreover,  this  author  expressly  stated  that  he  had  obtained  abso* 
lute  pro4}f  of  sexuality  by  observing  an  actual  process  of  fertilization  to  take 
place  in  the  so-called  ovules,  through  the  agency  of  the  spiral  filaments  or 
spermatozoa. 

The  main  points  of  his  paper  may  be  briefly  summed  up  as  follows.  The 
Fern  spore  at  first  produces  a  filamentous  process,  in  the  end  of  which  cell- 
development  goes  on  until  it  is  converted  into  a  Marchantia-like  frond  of 
small  size  and  exceedingly  delicate  texture,  possessing  hair-like  radicle  hairs 
on  its  under  side.     On  this  under  side  become  developed,  in  variable  num« 

*  Posthumous  Papersi  Jottmal  of  Travelsi  444. 
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bers,  certain  cellular  organs  of  two  distinct  kinds.  The  first,  which  he  tenm 
antheridia,  are  the  more  numerous,  and  consist  of  somewhat  globular  cells, 
seated  on  and  arising  from  single  cells  of  the  cellular  Marchantia>like  frond. 
The  globular  cell  produces  in  its  interior  a  number  of  minute  vesicles,  in 
each  of  which  is  developed  a  spiral  filament,  coiled  up  in  the  interior.  At 
a  certain  epoch  the  globular  cell  bursts  and  discharges  the  vesicles,  and  the 
spiral  filaments  moving  within  the  vesicles  at  length  make  tlieir  way  out  of 
them  and  swim  about  in  the  water,  displaying  a  spiral  or  heliacal  fonn,  and 
consisting  of  a  delicate  filament  with  a  thickened  clavate  extremity  ;  this,  the 
so-called  head,  being  said  by  Count  Suminski  to  be  a  hollow  vesicle,  and  to 
be  furnished  with  six  or  eight  cilia,  by  means  of  which  the  apparently  volun- 
tary movement  of  the  filament  is  supposed  to  be  effected. 

The  second  kind  of  organ,  the  so-called  '  ovules,'  are  fewer  in  number  and 
present  different  characters  in  different  stages.  At  first  they  appear  as  litde 
round  cavities  in  the  cellular  tissue  of  the  pro-embryo,  lying  near  its  centre 
and  opening  on  the  under  side.  In  the  bottom  of  the  cavity  is  seen  a  little 
globular  cell,  the  so-called  embryo-sac.  It  is  stated  by  Count  Suminski 
that  while  the  ovule  is  in  this  state  one  or  more  of  tlie  spiral  filaments  make 
their  way  into  the  cavity,  coming  in  contact  with  the  central  globular  cell. 
The  four  cells  bounding  the  mouth  of  the  orifice  grow  out  from  the  general 
surface  into  a  blunt  cone-like  process,  formed  of  four  parallel  cells  arranged 
in  a  squarish  form  and  leaving  an  intercellular  canal  leading  down  to  the 
cavity  below.  These  four  cells  become  divided  by  cross  septa,  and  grow 
out  until  the  so-called  ovule  exhibits  externally  a  cylindrical  form,  compoied 
of  four  tiers  of  cells,  the  uppermost  of  which  gradually  converge  and  close 
up  the  orifice  of  the  canal  leading  down  between  them.  Meanwhile  the 
vesicular  head  of  one  of  the  spiral  filaments  has  penetrated  into  the  globular 
cellule  or  embryo-sac,  enlarged  in  size  and  undergone  multiplication,  and  in 
the  course  of  time  displays  itself  as  the  embryo,  producing  the  first  frond 
and  the  terminal  bud  whence  the  regular  Fern  stem  is  developed.  In  con- 
sidering the  import  of  these  phaenomena,  the  author  assumes  the  analogy 
here  to  be  with  the  process  of  fertilization  in  flowering  plants,  as  described  by 
Schleiden,  regarding  the  production  of  the  embryo  from  the  vesicular  head 
of  the  spermatozoa  as  representing  the  production  of  the  phanerogamous 
embryo  from  the  «nd  of  the  pollen  tube  after  it  has  penetrated  into  the 
embryo -sac. 

The  promulgation  of  these  statements  naturally  attracted  great  attention, 
and  since  they  appeared  we  have  received  several  contributions  to  the  history 
of  these  remarkable  structures,  some  confirmatory,  to  a  certain  degree,  of 
Suminski*s  views,  others  altogether  opposed  to  them. 

In  the  early  part  of  1849  Dr.  Wigand*  published  a  series  of  researches 
on  this  subject,  in  which  he  subjected  the  assertions  of  Suminski  to  a  strict 
practical  criticism  ;  the  conclusions  he  arrived  at  were  altogether  opposed  to 
that  author's  views  respecting  the  supposed  formation  of  the  organs,  and  he 
never  observed  the  entrance  of  the  spiral  filaments  into  the  cavity  of  the  so- 
called  ovule. 

About  the  same  time  M.  Thuretf  published  an  account  of  some  observa- 
tions on  the  antheridia  of  Ferns.  In  these  he  merely  confirmed  and  corrected 
the  statements  of  Nageli  respecting  the;  antheridia,  and  did  not  notice  the 
so-called  ovules. 

Towards   the   close  of  the  same  year,  Hofroeister^  confirmed  part  of 

•  Botanische  Zeitung,  vol.  m  1849. 
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Saminski's  statements  and  opposed  others.  He  stated  that  he  had  observed 
distinctly  the  production  of  the  young  plant  (or  rather  the  terminal  bud  for 
the  new  axis),  in  the  interior  of  the  so-called  '  ovule/  but  believed  the  sup- 
posed origin  of  it  from  the  end  of  the  spiral  filament  to  be  a  delusion.  He 
regards  the  globular  cell  at  the  base  of  the  canal  of  the  '  ovule '  as  itself  the 
rudiment  of  the  stem,  or  embryonal  vesicle  (the  embryo  originating  from  a 
fret  cell  produced  in  this),  analogous  to  that  produced  in  the  pistillidia  of  the 
Mosses.  He  also  describes  the  development  of  the  ovule  diferently,  saying 
that  the  canal  and  orifice  are  opened  only  at  a  late  period  by  the  separation  of 
the  contiguous  walls  of  the  four  rows  of  cells. 

About  the  same  time  appeared  an  elaborate  paper  on  the  same  subject  by 
Dr.  Hermann  Schacht*,  whose  results  were  almost  identical.  He  found  the 
young  terminal  bud  to  be  developed  in  the  cavity  of  one  of  the  so-called 
'  ovules,'  which  were  developed  exactly  in  the  same  way  as  the  pistillidia  of 
the  Mosses.  He  stated  also  that  the  cavity  of  the  *  ovule '  is  not  open  at 
first,  and  he  declares  against  the  probability  of  the  entrance  of  a  spiral  fila- 
ment into  it,  never  having  observed  this,  much  less  a  conversion  of  one  into 
an  embryo. 

In  the  essay  of  Dr.  Mettenius  already  referred  tof  ^  an  account  of  the  de- 
velopment of  the  so-called  ovules  is  given.  His  observations  did  not  decide 
whether  the  canal  of  the  '  ovule,'  which  he  regards  as  an  intercellular  space, 
exists  at  first,  or  only  subsequently,  when  it  is  entirely  closed  above.  Some 
important  points  occur  in  reference  to  the  contents  of  the  canal. 

The  contents  of  the  canal  in  a  mature  condition  consist  of  a  continuous 
mass  of  homogeneous,  tough  substance,  in  which  fine  granules,  and  here  and 
there  large  corpuscles,  are  imbedded.  It  reaches  down  to  the  globular  cell 
or  '  embryo-sac,'  and  is  in  contact  with  this.  This  mass  either  fills  the  canal 
or  diminishes  in  diameter  from  the  blind  end  of  the  canal  down  to  the  'embryo- 
lac ;'  in  other  cases  it  possesses  the  form  represented  by  Suminski,  having  a 
clavate  enlargement  at  the  blind  end  of  the  canal,  and  passing  into  a  twisted 
filament  below.  In  this  latter  shape  it  may  frequently  be  pressed  out  of  isolated 
'  ovules '  under  the  microscope,  and  then  a  thin  transparent  membrane*like 
layer  was  several  times  observed  on  its  surface.  In  other  cases  the  contents 
consisted  of  nucleated  vesicles,  which  emerged  separately  or  connected 
together. 

The  embryo-sac  consists  of  a  globular  cell  containing  a  nucleus,  and  this 
aathor  believes  that  the  commencement  of  the  development  o^  the  embryo 
consists  in  the  division  of  this  into  two,  which  go  on  dividing  to  produce  the 
cellular  structure  of  the  first  frond. 

With  regard  to  the  contents  of  the  canal  the  author  says, — 

**  Although  I  can  give  no  information  on  many  points,  as  in  regard  to  the 
origin  of  the  contents  of  the  canal  of  the  '  ovule,'  yet  my  observations  on  the 
development  of  the  '  ovule '  do  not  allow  me  to  consider  them,  with  Suminski, 
as  spiral  filaments  in  course  of  solution ;  just  as  little  have  I  been  able  to 
convince  myself  of  the  existence  of  the  process  of  impregnation  described  by 
that  author.  It  rather  appears  to  me  that  the  possibility  of  the  entrance  of 
the  spiral  filaments  and  the  impregnation  cannot  exist  until  the  tearing  open 
of  the  blind  end  of  the  canal  in  the  perfectly- formed  ovule,  as  after  the  open- 
ing of  the  so-called  'canal  of  the  style'  in  the  pistillidia  in  the  Mosses." 

Another  contribution  has  been  furnished  by  Dr.  Mercklin  ^,  the  original  of 

*  linmea,  voL  xziL  1849. 

t  Beitrfige  znr  Botanik,  1.  Heidelberg,  1850.  Zar  Fortpflanzung  der  Gefiiss-Cryptogamen, 

t  Beobaditmigen  ans  dem  ProthaUimn  der  Farrenkriiuter.    St.  Petenborg,  1850. 
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which  I  have  not  seen,  but  depend  on  analyses  of  it  published  in  thtt  *  BoU> 
nische  ZeitungV  and  the  'Flora'  for  1851  f,  and  further  in  a  letter  from 
Dr.  Mercklin  to  M.  Schacht },  which  appeared  in  the '  Linnsea '  at  the  doie 
of  last  year. 

He  differs  in  a  few  subordinate  particulars  from  M.  Schacht  ki  referenee 
to  the  development  and  structure  of  the  prathiUlium  or  pro-embryo»  and  of 
the  antheridia  and  spiral  filaments  ;  but  these  do  not  require  especial  men* 
tion,  except  in  reference  to  the  vesicular  end  of  the  spiral  filament  described 
by  Schacht,  which  Mercklin  regards  as  a  remnant  of  the  parent  vesicle,  fsom 
which  the  filament  had  not  become  quite  freed.  The  observations  reforring 
to  the  so-called  ovule  and  the  supposed  process  of  impregnation  are  very  im- 
portant ;  they  are  as  follows : — 

*'  1.  The  spiral  filaments  swarm  round  the  '  ovule '  in  numbers*  fireqnentlj 
returning  to  one  and  the  same  organ, 

"  2.  They  can  penetrate  into  the  *  ovule.'  This  was  seen  only  three  timet 
in  the  course  of  a  whole  year,  and  under  different  circumstances ;  twics  a 
spiral  filament  was  seen  to  enter  a  still  widely  open  young  '  ovuloi'  tiMD 
come  to  a  state  of  rest,  and  afler  some  time  assume  the  appearance  of  s 
shapeless  mass  of  mucilage ;  the  third  case  of  penetration  ocourred  in  a  fully- 
developed  '  ovule,'  through  its  canal ;  it  therefore  does  not  seem  to  afford 
evidence  of  the  import  of  the  spiral  filament,  but  certainly  of  the  possibility 
of  the  penetration. 

"  3.  In  the  tubular  portion  of  the  *  ovule,'  almost  in  every  case,  peculiar 
club-shaped,  granular  mucilaginous  filaments  occur  at  a  definite  epodit 
these  filaments,  like  the  spiral  filaments,  acquiring  a  brown  colour  with 
iodine.  I'hese  mucilaginous  bodies  sometimes  exhibit  a  twisted  aspect,  aa 
opake  nucleus,  or  a  membranous  layer,  peculiarities  which  seem  to  indicate 
the  existence  of  an  organisation. 

**  4.  These  club-shaped  filaments  are  swollen  at  the  lower  capitate  extie- 
mity,  and  have  been  found  in  contact  with  the  '  embryo-sac '  or  globular  cd 
which  forms  the  rudiment  of  the  future  frond. 

**  5.  The  spiral  filaments,  which  cease  to  move  and  fall  upon  the  prothal* 
Hum,  are  metamorphosed,  become  granular  and  swell  up." 

Hence  the  author  deduces  the  following  conclusions : — 

"  That  these  clavate  filiform  masses  in  the  interior  of  the  *  ovule '  arc  trso*- 
formed  spiral  filaments,  which  at  au  early  period,  while  the  ovule  was  opeOr 
have  penetrated  into  it ;  which  leads  to  the  probability  that— • 

^'  1.  The  spiral  filaments  must  regularly  penetrate  into  the  '  ovules,'  vo^ 

"  ft.  They  probably  contribute  to  the  origin  or  development  of  the  yoimg 
fruit  frond  (or  embryo).  In  what  way  this  happens  the  author  knows  ao^ 
and  the  details  on  this  point  given  by  Count  Suminski  remain  uncoofino^ 
facts/' 

An  important  point  in  this  essay  is  the  view  the  author  takes  of  the  whole 
process  of  development  in  this  case.  He  regards  it  as  not  analdgous  to  the 
impregnation  in  the  Plianerogamia,  since  the  essential  fact  is  merely  the  de* 
velopment  of  a  frond  from  one  cell  of  the  proihaUium^  which  he  consid<n 
to  be  merely  one  of  the  changes  of  the  individual  plant ;  while  all  the  other 
authors  who  have  written  on  the  subject,  with  the  exception  of  Wigand^^ 
the  first  frond,  with  its  bud  and  root,  an  embryo^  and  regard  it  as  a  new  at* 
dividual,  or  at  all  events  a  distinct  member  of  a  series  of  forms  conatitotiog 
collectively  the  representatives  of  the  species. 

•  Botsniache  Zeitong,  voL  miii.  1850.  f  nors,  vol.  xxadii.  p.  e06»  \^ 

^  X  Linn»a,vol.niii.p.723.  1850. 
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Finally,  Hofmeister,  in  his  notice  of  this  essay  in  the  *  Flora*/  declares  that 
the  deTelopment  of  the  so-called  '  embryo '  or  Brst  frond  commences,  not  by 
the  subdivision  of  the  globular  cell  or  '  embryo-sac,'  but  by  the  development 
of  a  free  cell  or  'embryo  vesicle'  in  this,  like  what  occurs  in  the  embryo-sac 
of  the  Phanerogamia  ^  and  he  asserts  that  this  is  the  first  stage  of  develop- 
ment Irom  the  globular  cell  in  all  the  vascular  Cryptogams,  including  that 
found  in  the  pistillidia  of  the  Mosses. 

^finfeloofise.— The  first  discovery  of  the  analogy  between  the  developments 
from  the  spore  in  germination,  in  the  Ferns  and  Equisetaceasr  is  due  to  M.  G. 
Thuretf,  who  saw  the  spores  of  the  latter  produce  a  cellular  pro-embryo 
■ouewhsit  like  that  of  the  Ferns,  and  in  this  were  developed  antheridia  of 
analogous  structure,  emitting  cellules  containing  many  spiral  filaments. 

Thtf  announcement  was  confirmed  by  M.  Milde^,  whose  observations 
extended  over  some  months,  during  which  time  no  '  ovule '  was  produced, 
but  be  saw  what  appeared  to  be  the  rudiment  of  one.  Dr.  Mettenius^  states 
that  he  has  met  with  decaying  '  ovules '  precisely  like  those  of  the  Ferns, 
upon  the  pro-embryo  of  an  Equisetum,  and  thus  the  evidence  is  completed, 
so  far  as  the  occurrence  of  tjhe  two  kinds  of  organs  is  concerned. 

Lyetupoducea. — ^The  fructification  of  this  family  consists,  as  is  well  known, 
of  spikes  clothed  with  fruit-leaves,  bearing  on  their  inner  faces  sporangia 
containing  spores.  These  spores  are  of  two  kinds.  One  sort  occur  in  large 
numbers  in  their  sporangium,  and  are  very  small;  the  others  are  much 
larger,  and  only  four  are  met  with  in  a  sporangium.  Spring  ||,  who  has  devoted 
great  attention  to  the  general  characters  of  the  Lycopodiaceee,  has  given 
esp^'al  names  to  the  two  kinds  of  sporangia ;  those  with  the  four  large 
spores  he  calb  oophoridia,  those  with  the  small  spores  antheridia ;  yet  he 
did  not  mean  to  attribute  a  sexual  antithesis,  merely  a  morphological  one, 
as  he  expressly  states. 

The  general  impression  however  with  regard  to  the  import  of  the  two 
kinds  of  spores  has  long  been,  that  the  large  spores  alone  are  capable  of  pro- 
ducing new  plants,  and  five  years  ago  Dr.  C.  Mfiller  published  an  elaborate 
aocotint  of  the  development  of  the  Lycopodiaceee^,  in  which  the  germination 
of  the  lArge  sj^res  was  described  at  length.  The  following  are  the  essential 
results  ofhis  investigations. 

The  large  spores  are  more  or  less  globular  bodies,  usually  flattened  on 
the  suriacea  by  which  they  are  in  contact  in  the  oophoridium ;  thus,  while  the 
outer  side  has  a  spherical  surface,  the  inner  side  has  three  or  four  triangular 
surfaces,  as  in  Z.  selagtnoides,  and  L.  denttcuhUum.  They  possess  two  coats, 
the  outer  very  thick  and  composed  of  numerous  cells,  the  cavities  of  which 
are  almost  completely  filled  up  by  deposits  of  secondary  layers.  This  outer 
coat  exhibite  various  forms  of  raised  markings  oo  its  outer  surface,  and  in 
some  cases  these  seem  to  form  a  distinct  layer,  a  kind  of  cuticle,  capable  o€ 
being  separated  from  the  subjacent  cells.  The  inner  coat  of  the  spore  is 
unuUlff  perfectly  structureless,  and  not  very  firmly  attached  to  the  outer  coat. 
In  If.  gracUlimum  Dr.  Miiller  observed  below  the  outer  coat  a  structure  com- 
posed of  a  layer  of  rather  large  parenchymatous  cells,  which  could  be  easily 
itolated ;  and  as  there  was  no  structureless  membrane  within  this,  he  regarded 
tbe  layer  as  the  proper  inner  coat»  This  observation  is  important  in  relation 
to  the  discrepancies  between  Dr.  Miiller's  statements  and  those  of  Mettenius» 

*  I860,  p.  700.  t  Ann.  dcs  Se.  Nat.  1849,  voL  zL  6.  t  LtanM,  1850. 

)  Beiferage  zur  Bottnik,  1850,  p.  22.  ||  Flor.  Braailiensis,  106-108. 

Y  BotSiteke  Zdtm^  July  SI,  164«,  H  Mg,  mm.  Ann.  of  Nat.  History,  ^L  six.  1847. 
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to  be  spoken  of  presently.     The  cavity  of  the  spore  is  filled  with  grannltf 
mucilage. 

When  the  spore  is  placed  in  favourable  circumstances  for  gcnniMtioii  it 
begins  to  swell  up,  ancl  if  the  contents  be  examined  with  the  microscope,  a 
few  minute  cells  will  soon  be  found  to  have  become  -developed  in  the  muci- 
lage. This  cell-formation  commences  at  a  determinate  spot  upon  the  inner 
coat  of  the  spore,  the  cells  being  so  firmly  applied  that  they  appear  blended 
with  this  inner  membrane.  The  cell-formation  goes  on  till  an  obtuse  cosicil 
process  is  developed,  which  breaks  through  the  outer  tough  coat  of  the  spore, 
and  this  process  is  recognized  as  the  germinal  body  or  keim-korpert  corrt- 
sponding  to  the  pro-embryo  of  the  other  Cryptogams.  From  this,  which  at 
this  period  does  not  by  any  means  fill  the  cavity  of  the  spore  with  its  lower 
portion,  an  ovate  process  is  produced,  at  first  obliquely  directed  upwards,  the 
bud  of  the  future  stem,  and  a  conical  process  taking  the  opposite  directioo 
representing  tlie  radicle.  On  the  ascending  process  a  distinction  can  sood  be 
observed  between  the  terminal  bud,  a  little  oval  body,  and  a  short  thread-hb 
stem  on  which  it  is  supported  ;  as  the  bud  opens,  the  leaves  appear  in  pain. 

At  the  conclusion  of  the  paper  Dr.  Miiller  offers  some  remarks  on  tbr 
evidence  with  respect  to  the  import  of  the  spores,  the  substance  of  which  maj 
be  transcribed.  '*  Up  to  the  present  time  it  remains  doubtful  what  parpoK 
is  served  by  the  antheridium-spore.  Some  persons  maintain  one  opioioa^ 
others  another.  One  author  declares  he  has  seen  it  germinate,  another  tint 
he  has  never  been  able  to  do  so.  Kaulfuss*  relates  that  Fox  sowed  Lf- 
SelagOy  and  Lindsay  L.  cemuum  with  success,  and  that  Z#.  ciavaium  spraflg 
up  abundantly  with  Willdenow.  With  himself  it  did  not  succeed;  botdie 
garden- inspector.  Otto  of  Berlin,  raised  L.  pygmceam  several  years  in  rae- 
cession  from  seed.  The  last  case  however  is  readily  explicable,  sioce 
L.pygmceum  possesses  oophoridia." 

Gdppertf  however  states  that  he  has  seen  the  development  of  young 
plants  from  antheridium-spores  in  Z.  derUiculatum,  Dr.  Miiller  expreoes 
some  doubt  as  to  whether  the  observation  was  absolutely  exact,  since  Gop* 
pert  never  mentions  seeing  a  young  plant  actually  adherent  to  an  antheridinn- 
spore,  neither  does  he  give  the  structure  of  tlie  leaf,  and  the  young  plant  lie 
figures  closely  resembles  a  Fissidens^  frequently  springing  up  in  flower-pots 
in  green-houses.  In  his  own  attempts  to  raise  plants  from  antberidiom- 
spores.  Dr.  Miiller  in  every  case  failed.  He  does  not  deny,  however,  that 
they  may  be  capable  of  germination,  especially  as  some  Lycopodiace* 
appear  to  be  devoid  of  oophoridia. 

In  1849  appeared  M.  Hofmeister's  notice  on  the  fructification  andgerfli- 
nation  of  the  higher  Cryptogamia^,  in  which  he  indicated  the  existence  ob 
the  pro-embryo  of  SelagineUa^  of  a  number  of  peculiar  organs,  composed  ^ 
four  papilliform  cells,  enclosing  a  large  globular  cell  in  the  centre.  In  one 
of  these  large  spherical  cells  the  young  plant  is  produced.  The  nature « 
the  structure  was  only  briefly  described  in  this  paper  for  the  purpose  of 
showing  its  analogy  with  what  occurs  in  Salvinia. 

In  1850  Dr.  Mettenius§  published  an  essay  on  the  Propagation  of  the 
Vascular  Cryptogams,  and  in  this  is  to  be  found  a  full  description  of  tbe 
organs  mentioned  by  Hofmeister  and  altogether  overlooked  by  Dr.  C.  Uvi^* ' 

♦  Daa  Wcsen  der  Farrenkrauter.    Leipzig,  1827.  ,- 

t  Uebers.  der  Arbeiten  and  Verind.  der  schlesiBchen  QeseUsch.  fur  vaterL  Ktdtor,  1^^ '"' I 
1845.  ■ 

X  Bot.  Zeitang,  Nov.  9, 1849.  i  Beitrage  zur  Botanik.   Heidelbeig,  l^ 
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Aeeording  to  this  author,  the  large  spores  of  Selaginella  involvens  possess 
two  coats,  each  composed  of  two  layers ;  and  in  an  early  stage  of  the  germi- 
nation, the  inner  layer  of  the  outer  coat,  together  with  the  inner  coat,  form 
the  wails  of  a  globular  body  which  does  not  wholly  fill  the  cavity  enclosed 
by  the  outermost  membrane.  This  globular  body  is  firmly  attached  to  the 
outer  membrane  immediately  under  the  point  of  junction  of  the  three  ridges 
separating  the  flattened  surfaces  of  the  inner  side  of  the  spore.  The  globule 
enlarges  until  its  walls  come  to  be  applied  closely  to  the  outer  layer,  com- 
pletely filling  up  the  large  cavity.  Then  between  the  two  layers  of  the  inner 
coat,  at  a  point  immediately  beneath  the  point  of  junction  of  the  three  exter- 
nal ridges,  a  process  of  cell-formation  commences,  producing  a  flattened  plate 
of  tissue  interposed  between  the  two  layers ;  this  structure  is  the  pro-embryo. 
The  cells  are  at  first  in  a  single  layer,  but  the  central  ones  soon  become  di- 
vided by  horisontal  septa  so  as  to  produce  a  double  layer,  and  finally  four  or 
more  tiers  of  cells  one  above  another.  The  outline  of  the  pro-embryo,  seen 
from  above,  is  circular,  spreading  over  the  upper  part  of  the  spore.  On  its 
surface  appear  the  so-called  ovules.  The  first  is  produced  at  the  apex  of 
the  pro-embryo,  the  rest,  to  the  number  of  twenty  or  thirty,  arranged  upon 
its  surface  in  three  lines  corresponding  to  the  slits  by  which  the  outer  coat 
of  the  spore  bursts.  These  ovules,  closely  resembling  those  of  jS'a/otnta,  Pi* 
UlariOf  the  Ferns,  &c.,  consist  of  a  globular  cell  surmounted  by  four  cells, 
which  rise  up  into  four  papillae,  and  leave  a  canal  or  intercellular  passage 
between  them,  leading  down  to  the  globular  cell  or  embryo-sac.  The  four 
cells  are  usually  developed  into  four  or  five  cells,  one  above  the  other,  by 
the  production  of  horizontal  septa ;  sometimes  they  are  developed  unequally 
and  to  a  considerable  extent  so  as  to  form  papillae,  presenting  an  orifice  be- 
tween them  at  some  point  on  the  outer  surface,  indicating  the  canal  leading 
down  to  the  embryo- sac. 

During  the  development  of  the  ovules,  a  delicate  parenchyma  is  produced 
in  the  great  cavity  of  the  spore,  finally  entirely  filling  up  this  spore. 
Before  it  has  completely  filled  it,  the  embryo  makes  its  appearance  in  the 
embryo-sac  of  one  of  the  ovules. 

The  first  change  in  this  sac  is  the  appearance  of  a  nucleus  ;  from  this  cells 
are  developed  representing  the  suspensor  of  the  embryo.  The  cells  of  the 
nispensor  multiply  and  form  the  process  which  penetrates  down  into  the 
parenchyma  of  the  cavity  of  the  spore ;  at  the  lower  end  may  be  detected 
the  embryo,  a  minutely  cellular  body.  Dr.  Mettenius  never  saw  the  embryo 
produced  in  the  embryo-sac  before  the  suspensor  had  broken  through  the 
bottom  of  it  to  penetrate  the  parenchyma  of  the  spore-cell ;  it  was  always 
within  this  parenchyma  and  attached  to  the  end  of  the  suspensor.  In  this  point 
be  is  decidedly  opposed  to  Hofmeister,  who  states  that  the  embryo  originates 
io  the  embryo-sac,  whence  a  young  embryo  attached  to  its  suspensor  may 
easily  be  extracted  from  the  spore* 

The  part  of  the  embryo  opposite  to  the  point  of  attachment  of  the  suspen- 
tor  corresponds  to  the  first  axis  of  the  Rhizocarpese,  which  never  breaks  out 
from  the  spore-cell  in  Selaginella ;  it  pushes  back  the  loose  parenchyma  of 
the  spore- cell  as  it  becomes  developed,  and  when  completely  formed,  is  sur- 
rouaded  by  a  thin  coat  composed  of  several  layers  of  the  parenchymatous  cells 
iBQch  compressed,  enclosed  in  the  still  existing  inner  coat  of  the  spore.  On 
one  side  of  the  point  of  attachinent  of  the  suspensor  the  embryo  grows  out 
towards  the  point  where  the.  spore-cell  has  been  ruptured,  thus  apparently 
in  a  direction  completely  opposite  to  the  end  of  the  axis.  As  it  enlarges  it 
1851-  r        /     rr  ^ 
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produces  in  this  situation  the  leafy  stem  growing  upwards,  and  tbetdvfsti* 
tious  root  turning  downwards.  The  pro-embryo  is  at  first  distended  like  i 
sac,  and  finally  broken  through  on  the  one  side  by  the  first  leaf,  on  thcothci 
by  the  adventitious  root ;  upon  it  may  be  observed  the  numeroai  tbortht 
ovules,  with  their  embryo«sacs  filled  with  yellow  contents ;  part  of  iti  ceb 
grow  out  into  radical  hairs.  Dr.  Mettenius  several  times  saw  two  ywug 
plants  produced  from  one  spore ;  the  ends  of  their  axes  lay  dose  togethOf 
and  separated  inside  the  cavity  of  the  spore.  No  account  is  here  f^ifCBof 
the  characters  exhibited  by  the  small  spores,  or  of  anything  like  a  procettof 
fertilization ;  yet  we  have  indicated  in  the  foregoing  description  of  tlie  »• 
called  ovules,  a  clear  analogy  between  these  bodies  and  the  scMsalled  ofsb 
of  the  Ferns  and  Rhizocarpeae.  These  points  will  be  referred  to  agus  i 
the  close  of  the  report. 

In  a  review  of  Dr.  Mercklin's  essay  on  the  reproduction  of  theFeros,  is  tkc 
Flora*,  Hofmeister  states  that  spiral  filaments  are  produced  from  the  mA 
spores  of  Selaginella,  but  does  not  state  that  he  has  seen  them  or  give>f 
authority. 

Isoetacea.'-'The  spores  of  the  Isoetes  lacustris  are  of  two  kinds,  aoslogMi 
to  those  of  tlie  Lycopodiaceae ;  both  kinds  being  produced  in  sporangia  i» 
bedded  in  the  bases  of  the  leaves,  but  the  large  spores  are  found  in  gR>t 
numbers,  not  merely  four  in  a  sporangium  as  in  the  Lycopodiaoes.  Tk 
development  of  the  spores  was  little  known  until  the  publication  of  aneaif 
on  the  subject  in  1848,  by  Dr.C.Miillert,  forming  a  sequel  to  his  re«sieta 
on  the  Lycopodiacese.  Here,  as  in  the  other  case,  his  observations  so  t^ 
earlier  stages  were  imperfect ;  but  he  indicated  the  existence  of  the  itn^ 
tures  which  have  since  been  recognized  as  the  so-called  ovules;  as  alio  a 
Mr.  Valentine  I  in  his  essay  on  PikUaria, 

In  his  essay  Dr.  C.  Miiller  compares  the  complete  large  spore,  as  disebigti 
from  the  sporangium,  to  the  ovule  of  flowering  plants ;  and  he  describes  it  v 
a  globular  sac  enclosed  by  three  coats,  which  he  names  the  primine,  tea* 
dine,  and  the  nucleus.  The  outermost  coat,  or  primine,  is  stated  to  be«i«» 
posed  of  a  thick  cellular  membrane  exhibiting  a  raised  network  of  lines,  wUtk 
give  it  the  aspect  of  a  cellular  structure,  but  are  in  reality  analogous  to  tk 
markings  on  pollen-grains.  The  outer  surface  exhibits  the  lines  indicatf^ 
the  tetrahedral  arrangement  of  the  spores  in  the  parent  cell,  as  mSeUgi^ 
and  it  is  at  the  point  of  intersection  of  these  that  the  membrane  gives  wj[< 
germination.  The  next  coat,  or  secundine,  is  another  simple  membrane ]iai>| 
the  first.  The  nucleus  is  a  coat  composed  of  delicate  parenehymatotts  oeB^ 
but  among  these  are  found  groups  of  peculiar  character.  These  aic  d» 
scribed  as  consisting  of  a  large  cell  divided  by  two  septa  crossing  each  otbtf 
at  right  angles,  projecting  from  the  general  surface,  being  either  oval  is  *• 
general  outline,  or  having  four  indentations  opposite  the  cross  septa,  losili 
give  the  appearance  of  the  structure  being  composed  of  four  spheriesl  cA 
The  cells  surrouhding  them  are  of  irregular  form,  different  from  the  go** 
rally  six-sided  cells  of  the  rest  of  the  nucleus.  Many  of  these  groups  ocot 
on  the  nucleus,  always  at  the  surface  of  the  coat  where  the  primine  and  ^ 
cundine  afterwards  give  way,  scattered  without  apparent  order  over  it,  W 
one  always  near  the  point  of  the  opening.  To  these  structures  Dr.  Mnto 
did  not  attribute  any  important  function,  explaining  them  merely  as  prodscs^ 

♦  Flora,  1850,  p.  700.  ^     _ 

t  BotaniBche  Zeitnng,  April  and  May,  1848 ;  Annali  of  Nat.  History,  2nd  ser.  foLii'  I>*^ 
%  Linnaean  Trsneactions,  vol.  xvii. 
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by  peculiar  thickeniiigs  of  the  tissue  to  protect  the  pro-erobryo  during  germi* 
nation.  The  contents  o£  the  nucleus  were  stated  to  resemble  those  of  the 
cavity  of  the  spores  of  Selaginella, 

In  theae  contenu,  which  become  dense  and  mucilaginous,  eifree  cell  is  de- 
veloped near  the  upper  part  of  the  cavity ;  this  is  the  rudiment  of  the  embryo^ 
and  by  cell-multiplication  becomes  a  cellular  mass,  which  soon  begins  to  ex- 
hibit growth  in  two  directions,  producing  the  first  leaf  and  the  first  rootlet* 
projecting  from  a  lateral  cellular  mass,  wnich  the  author  calls  the  **  reservoir 
of  nutriment/'  The  embryo  then  breaks  through  the  coats  ;  the  first  leaf 
above  and  the  first  root  below,  the  coats  remaining  attached  over  the  central 
mass  of  the  embryo.  The  subsequent  changes  need  not  be  mentioned  here* 
further  than  to  state  that  the  leaves  succeed  each  other  alternately,  and  are 
not  opposite  as  in  the  Lycopodiaceae ;  moreover  no  intemodes  are  developed 
between  them,  so  that,  the  stem  is  represented  by  a  flat  rhizome,  like  the  base 
of  the  bulb  of  many  Monocotyledons. 

In  the  paper  by  Dr.  Mettenius*,  already  alluded  to,  we  find  some  very  im« 
portant  modifications  of  and  additions  to  this  history  of  development  of  the 
•pores  of  Isoete$f  bringing  them  into  more  immediate  relation  with  the  other 
vascular  Cryptogams. 

This  author  describes  the  spore-cell  as  a  thick  structure  composed  of  seve* 
ral  layers ;  in  some  cases  he  counted  four.  It  completely  invests  the  pro« 
embryo,  which  is  a  globular  cellular  body  filling  the  spore-cell.  Among 
the  cells  of  the  outermost  layer  of  the  pro-embryo  (which  layer  forms  the 
Mcinw  of  Dr*  Muller),  on  the  upper  part,  are  produced  the  ovules,  fewer  in 
number  than  in  Selajgmellat  arranged  in  three  rows  converging  upon  the 
summit  of  the  epore,  these  rows  corresponding  to  the  slits  between  the  lobes 
of  the  outer  coat  of  the  spore.  The  four  superficial  cells  of  the  ovules  (which 
are  evidently  the  pe^'uliar  groups  mentioned  by  Miiller  and  previously  no« 
tieed  by  Valentine f)  grow  much  in  the  same  way  as  in  the  Rhisocarpese 
aid  in  SelagmiUa^  into  short  papillee.  The  embryo  is  developed  in  the  sub* 
itanee  of  the  pro-embryo,  displacing  and  destroying  ita  cells,  and  a  globular 
portion  (corresponding  to  the  "  reservoir  of  nutrition*'  of  Miiller)  remains 
within  the  spore  after  the  first  leaf  and  rootlet  have  made  their  way  out. 
This  body  is  the  analogue  of  that  portion  of  the  embryo  of  SelagineUa  which 
MfKtrates  into  the  cavity  of  the  spore,  and  to  the  end  of  the  first  axis  in  the 
Rluiocarpeae. 

The  most  important  point,  however,  of  Dr.  Mettenius's  researches  relates 
to  the  phenomenon  exhibited  by  the  small  spores.  In  the  water  in  which 
the  spores  were  sown  lie  observed  moving  spiral  filaments  resembling  those 
of  the  Ferns.  He  was  not  able  to  trace  all  the  stages  of  development  of  these 
tpinJ  filaments  from  the  small  spores,  but  he  obtained  nearly  all  the  evidence 
ithiting  to  their  origin  which  Nageli  has  done  in  reference  to  the  similar 
srgans  in  the  PilulariaX'  In  the  small  spores  minute  vesicles  are  produced 
ef  varying  sine  and  number,  seen  through  the  outer  coat.  The  inner  coat  or 
•port-osll  breaks  through  the  outer  coat  either  in  the  middle  or  at  both  ends 
•t  the  projecting  ridges,  by  which  they  are  originally  in  contact  with  th^  other 
■p(ve<ells.  lu  contents  are  expelled,  as  is  proved  by  finding  numerous 
cnipty  membranes.  The  expelled  vesicles  are  met  with  in  considerable  num- 
ber in  the  water,  and  contain  one  large  or  several  small  granules,  and  in 
them  the  spiral  filaments  are  apparently  produced  ;  but  the  actual  course  of 
^elopment  was  not  observed.     In  one  case  a  spiral  filament  was  seen  halt 

*  Bdtrige  zor  BotanOu    Heidelberg,  1850.  t  linmean  Traniaetions,  vol.  xviL 

t  ZotKhxift  fur  Wiss.  Botanik,  Heft  3.  Zurich,  1S4S. 
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way  out  of  the  B|K)re-cell  in  active  rotation,  finally  emerging  compUtelftU 
that  the  moving  spiral  filaments  are  probably  developed  in  the  vesicles,  vlule  1 
these  are  still  contained  within  the  spore-cell.  ] 

No  actual  connexion  of  these  moving  spiral  filaments  or  spermatoioaviik  1 
the  so-called  ovules  has  yet  been  traced. 

Rluzocarpece. — Almost  from  the  earliest  period  of  the  study  of  Cryptogft* 
mous  plants,  attempts  have  been  made  to  prove  the  existence  of  distinct  lexei 
in  the  Rhizocarpeae,  various  parts  of  the  structure  being  regarded  by  difieri 
ent  authors  as  analogues  of  the  stamens  and  pistils  of  flowering  plants.  Bff«: 
nard  de  Jussieu*  went  so  far  as  to  class  them  {PUularia  glob,  andilfanilrt 
quad,)  with  the  Monocotyledons,  with  Lemna,  considering  the  Urge  spoR« 
sacs  as  pistils  and  the  small  ones  as  stamens. 

Others  have  sought  the  male  organs  in  the  hairs  upon  the  leaves  or  recep 
taclesf ;  but  the  rest  of  the  numerous  authors  who  have  written  on  the  sobJ 
ject,  have  either  denied  the  distinction  of  sexuality  altogether,  or  are  sgteel 
in  considering  the  large  spores  as  either  ovaries  or  ovules,  the  small  spoRl 
as  pollen-grains.  Experiments  have  frequently  been  made  upon  thegesei 
rative  powers  of  the  two  kinds  of  spores.  Paolo  Savi^  found  that  the)ttg| 
spores  of  Salvinia  would  not  germinate  alone,  and  therefore  he  regarded  th| 
small  ones  as  anthers.  Duvernoy§,  on  the  contrary,  states  that  he  tswd4 
large  spores  of  Salvinia  germinate  when  separated  from  the  small  ones,  ~ 
therefore  he  did  not  regard  the  latter  as  anthers,  but  only  rudiments, 
schoff  II,  who  minutely  described  the  structure  of  the  European  species, 
that  in  his  experiments  the  large  spores  of  Salvinia  germinated  as  welh  ^ 
out  the  small  granules  as  with  them.  Agardh^  saw  the  large  spores  of  i^ 
lularia  germinate  separately,  but  later  than  those  united  with  the  afltba 
Pietro  Savi**  made  careful  observations  on  the  germination  of  the  sepsnte 
large  spores  of  Salvinia,  and  found  them  to  produce  a  green  mamilla  whk 
underwent  no  further  development ;  he  therefore  regarded  the  small  spore 
as  necessary  for  impregnation.  Esprit  Fabreft  carefully  experimented  a 
Marsilea  Fabri,  The  separated  large  spores  did  not  germinate ;  they  v 
not  even  produce  the  stationary  green  papilla  observed  in  Salvinia  by  Piett 
Savi.  Dr.  C.  Miiller^^  found  that  the  large  spores  o€  Pilularia  would  d 
germinate  when  separate  from  the  small  ones. 

The  development  of  the  spores  and  the  germination  of  the  larger  kind 
Pilularia  appear  to  have  been  first  accurately  described  by  Mr.  Valentine^ 
in  a  paper  read  before  the  Linhaean  Society  in  March  1839.  It  is  unnecestf 
to  enter  into  the  particulars  of  this  paper,  which  gives  accurate  slateroeots 
most  points,  and  mentions  for  the  first  time  the  occurrence  of  the  cellultf  p 
pilla  upon  the  pro-embryo  which  has  since  been  regarded  as  the  "  ovule,''aD 
logons  to  that  found  on  the  pro-embryo  of  the  other  vascular  Cryptogsi* 

Dr.C.MuUer'slIll  essay  appeared  in  1840,  and  agrees  in  some  pointt ;  1* 
he  appears  to  have  mistaken  the  mode  of  origin  of  the  pro- embryo.  Ij^  JJJ 
Schleiden^^announced  that  hehad  observed  a  process  of  impregnation  in  PM 
laria^  in  which  the  small  spores  acted  the  part  of  pollen-grains,  producing  tuM 
which*entered  into  a  cavity  on  the  surface  of  the  large  spore  or  '*  ovule,"  ^4 
in  accordance  with  his  views  of  impregnation  in  general,  became  the  emhiy^ 

"* 

♦  Hist,  de  rAcad.  Roy.  des  Sc  1739  and  1740.  f  MicheU,  Unnaras  and  Hrfj* 

I  Biblioth.  Italian,  xx.  §  Diss,  de  Sah.  nat  &c.r  1^ 

II  Nova  Actaxiv.  and  Cryptogam  Gcw.  part  2. 1828.     ^  De  Pibitaria  diss.  1835. 
♦*  Ann.  des  Sc.  Nat.  1837.  ft  Ann.  des  Sc.  Nat.  1837.  «  nof**  ^^ 
§$  lonnsan  Transactions,  vol.  xvil                             |1||  Plora,  1840. 
fir  Gnmdz.  der  Wiss.  Botanik,  1843. 
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The  next  paper  on  the  subject  was  an  essay  published  by  Dr.  Mettenius* 
inl846>  in  which  the  anatomy  and  development  of  iS'a/rm/a  is  treated  at 
length;  that  ofPt'/u/aria and ilfar^i^a  less  perfectly.  He  did  not  observe 
the  process  of  impregnation  described  by  Schleiden,  yet  from  the  want  of 
oiganic  continuity  between  the  embryo  and  the  '*  ovule,"  he  inclined  to  adopt 
the  theory  of  fertilization  propounded  by  Schleiden,  both  for  the  Fhaneroga'- 
miaand  the  Rhizocarpeee,  namely,  that  the  end  of  the  pollen-tube  penetrated 
into  the  so-called  ovule  and  became  the  embryo ;  nevertheless  he  had  some 
doubts,  since  he  could  not  reconcile  the  production  of  "  pollen-tubes"  from 
the  small  spores  of  Sahinia  with  the  facts  he  had  observed,  and  never  saw 
the  "  tube"  penetrate  the  **  ovule  "  m  Pilularia. 

In  184^6  Prof.  Nageli  published  some  new  and  important  observations  on 
Pi/v^rtaf ,  in  which  he  stated  that  the  observations  of  Schleiden  were  alto- 
gether incorrect,  and  that  the  bodies  which  that  author  had  described  as 
three  or  four  "  pollen- tubes,"  produced  by  the  small  spores  and  adherent  to 
the  summit  of  the  large  spore,  were  in  fact  parts  of  this,  constituting  a  papil- 
liform  structure,  forming  a  part  of  the  pro-embryo  developed  by  the  large 
spore  itself.  Moreover  he  discovered  a  totally  unexpected  fact  in  regard  to 
the  small  spore  or  "  pollen-grains."  He  found  that  these,  without  coming  in 
contact  with  the  large  spores  at  all,  became  elongated  by  the  inner  coat  pro- 
truding like  a  short  pouch-like  process  through  the  outer.  This  contained 
•tarch-granules ;  and  some  he  found  burst  and  surrounded  by  starch-grains 
exactly  like  those  inside  the  others ;  and  in  addition  to  these,  minute  cellules 
which  seem  to  have  been  expelled  from  the  small  spores.  In  these  cellules 
were  developed  spiral  filaments  exhibiting  active  movement,  just  like  those 
of  Chora,  the  Mosses,  &c.  These  filaments  finally  make  their  way  out  and 
swim  about  freely  in  the  water.  They  were  constantly  met  with  in  the  gela- 
Unous  mass  in  which  the  spores  were  enveloped. 

In  1849  M.  Hofmeister^  published  the  essay  on  the  higher  Cryptogams 
already  alluded  to,  and  there  briefly  described  his  own  critical  observations, 
referring  to  the  points  of  diQerence  from  hu  predecessors.  His  statements 
are  as  follows : — 

**  The  publications  of  Mettenius  and  Nageli,  as  also  those  of  Schleiden 
himself  sufficiently  show  that  the  large  spores  of  the  Rhizocarpeae  (the  organs 
called  by  Schleiden  '  seed-buds'  (ovules))  originate  essentially  in  the  same 
way  as  the  spores  of  the  Cryptogamia  generally,  and  as  the  small  spores  of 
the  Rhizocarpeae  ('  pollen-grains'  of  Schleiden)  in  particular.  One  young 
spore  in  each  sporangium  becomes  developed  more  rapidly  than  the  others, 
and  finally  usurps  the  whole  cavity.  At  the  time  when  the  spores  are  ripe, 
a  large  spore  does  not  differ  from  a  small  one  in  any  respect  except  in  dimen- 
sions (the  size  of  the  organs  allows  of  the  structure  of  the  outer  secreted 
layer  being  very  distinctly  observed ;  in  PihUaria  five  layers  can  be  clearly 
detected).  The  large  spore  is  a  simple  tough-walled  cell  filled  with  starch 
or  oil-drops  and  albuminous  matter,  enclosed  by  a  thick  exine,  which,  at  the 
point  when  the  '  sister-spores'  were  in  contact  with  the  developed  spore  in 
the  earlier  stages,  exhibits  peculiar  conditions  of  form,  displaying,  according 
to  the  generic  diflferences,  a  splitting  into  thin  lobes  or  a  considerable  thin- 
ning of  the  mass.  Not  the  least  trace  of  the  cellular  body  (the  pro-embryo» 
paj^Ua  of  the  nucleus  of  Schleiden)  is  to  be  seen  at  this  point  at  the  time  when 
the  spores  are  just  ripe. 


*  Beitriige  zar  Kenutnias  der  Rhizocarpeie.   Frankfort,  1846. 

t  Zeitachrifl  flir  Wiss.  Botanik.  Heft  3, 4.  188, 1846. 

i  Botanische  Zeitung,  voL  vii.  1849  \  Botanical  Gazette,  vol.  iL  1850. 


Digiti 


zed  by  Google 


118  RBPOBT— 1851. 

**  After  the  ripe  sporea  have  lain  a  longer  or  shorter  time  in  water,  aprocea 
of  cell-forniatton  commencet  at  that  point  of  the  spore,  witkm  the  proper, 
internal  spore*ce]l,  whence  results  the  formation  of  a  cellular  body  oecapyiBg 
only  a  small  portion  of  the  internal  cavity  of  the  spore.  The  cells  nraltiptj 
rapidly,  and  break  through  the  exitia,  appearing  external!  j  as  the  green  o^ 
lar  papilla  called  the  '  kcim-wuUt '  by  Biscboff,  the  <  papilla  of  the  Dndeas' 
by  Schleiden.  I  see  no  ground  why  this  should  be  named  otherwise  dun  u 
the  pr<hembryo.  In  Pilularia  it  is  very  soon  seen,  where  the  pro-cnbryo 
consists  of  only  about  thirty  cells,  completely  enveloped  by  the  exm,  sad 
where  the  only  external  evidence  of  its  existence  is  a  little  protubersnce,— 
that  the  pro-embryo  consists  of  a  large  central  cell  surrounded  by  a  simpie 
layer  of  smaller  ones.  The  smaller  cells  covering  the  apex  of  this  Urge  ceil, 
four  in  number,  elongate  into  a  papilla  before  the  pro*embryo  bursu  thrangb 
the  eaginet  which  spliu  regularly  into  twelve  to  sixteen  teeth  ; — subsequendy 
they  become  divided  by  horizontal  walls,  and  then  appear  aa  the  organ  wliicit 
Schleiden,  and  after  him  Mettenius,  supposed  to  be  *  pollen«tubes '  prodneed 
from  some  of  the  small  spores.  These  papilHform  cells  moat  certsinly  ori- 
ginate from  the  pro-embryo,  a  fact  which  takes  away  all  materisl  groood 
from  Schleiden's  theory. 

"  The  four  papilliform  cells  separate  from  each  other  and  leave  a  pM**(S* 
leading  to  the  large  central  cell.  In  this  cell  the  young  plant  originstti 
shortly  after  the  smaller  spores,  which  tuver  produce  '  pollen-tubes,'  begia 
to  emit  the  cellules  containing  spiral  filaments  discovered  by  Nageli.  I  ob- 
served and  dissected  out  an  embryo  consisting  of  only  four  cells.  It  eon- 
pletely  filled  the  large  central  cell,  and  there  was  not  the  least  trsce  of  i 
pollen-tube  attached  to  it. 

"  The  organisation  of  Salvmia  is  somewhat  different  from  this.  On  every 
pro-embryo  several,  as  many  as  eightcellsof  the  outer  surface  of  the  celloltf 
layer  next  but  two  to  the  obtuse  triangular  cellular  body,  acquire  a  oooa- 
derable  sise,  a  spherical  form,  and  become  filled  with  protoplasm ;  the  foor 
cells  covering  each  of  these  larger  cells  lose  the  greater  part  of  their  ohloro* 

f>hyll  and  separate  from  each  other  to  leave  a  passage  leading  down  to  the 
arge  central  cell.  In  this  large  cell  the  young  plant  originates.  The  numberof 
these  organs  in  Salvinia  allows  the  possibility  of  the  occurrence  of  poly-eminf' 
ony  in  this  genus ;  I  observed  two  embryos  on  one  pro-embryo  in  one  esse. 

**  It  is  out  of  the  question  to  talk  of  a  *  larger  pollen-tube'  in  Sukai*' 
Mettenius  has  already  shown  that  the  structure  of  the  small  spores  render* 
such  a  product  from  them  impossible." 

Dr.  Mettenius's  Essay  on  the  Vascular  Cryptogams*,  already  firequepuj 
referred  to,  confirms  the  preceding  account  in  all  essential  points,  some  digbt 
criticisms  relating  only  to  the  structure  of  the  coats  of  the  spore  ;  and  it sddi 
a  descri{n:fpn  of  the  development  of  the  '^  ovules  "  in  the  pro-eiobryo  ol 
Marsilea  jF^bri,  which  agrees  closely  with  that  in  Pilularia.  Hofmetsierf 
has  recently  anmounced  the  discovery  of  the  production  of  cellules  contain* 
ing  spiral  filame^s  from  the  small  spores  in  SalviniHf  just  as  Niigeli  saw  theo 
in  Pilularia, 

General  Cancluiums. 

In  the  facts  of  which  I  have  given  confessedly  a  very  imperfect  reswi^^ 
the  preceding  pages,  we  have  two  important  points  to  consider.  In  the  fif*^ 
place,  we  have  to  determine  how  far  they  suffice  to  warrant  the  belief  in  ^ 

*  Beitnige  zur  Botsnik.    Heidelberg,  ISftO.  ,     . 

t  Flors,  1850.  p.  700  (in  a  note  to  a  rsYiew  of  Mereklin's  EHsy  on  the  Ite^rodactioi^  ^ 

Femi). 
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odftence  of  a  dutinction  of  sexes  in  these  families.  In  the  second  place,  we 
have  to  todeavour  to  trace  the  analogies  which  exist  between  the  different 
conditions  presented  by  the  supposed  sexual  organs  in  the  different  families. 
These  considerations,  if  we  adopt  the  hypothesis  of  sexuality,  lead  to  some  very 
interesting  questions  in  reference  to  the  process  of  reproduction  generally. 

In  regard  to  the  first  question,  that  of  the  existence  of  two  sexes  and  the 
necessity  of  a  process  of  fertili;sation,  we  have  several  kinds  of  evidence. 

1.  The  inferences  to  be  deduced  from  the  universality  of  the  existence  of 
two  kinds  of  organs  in  connexion  with  the  reproductive  process.  We  have 
seen  that  these  exist  in  all  the  families  at  some  period  or  other  of  the  life  of 
the  representative  of  the  species.  In  the  Mosses  and  the  Hepaticfis  they  occur 
in  the  fully  developed  plant.  In  the  Ferns  and  Equisetaceae  they  occur  upon 
cellular  structures  of  frondose  character  developed  from  all  the  spores,  which 
frondose  bodies  or  pro*embryo8  hav^  an  existence  of  some  permanence,  espe- 
cially in  the  Equisetacess.  In  the  Lycopodiaceae,  the  Isoetaceae  and  Rhiso- 
carpeiB,  the  pistillidia  occur  upon  very  transitory  cellular  structures  produced 
from  one  kind  of  spore,  the  larger,  while  the  smaller  spores  at  once  develope 
in  their  interior  cellules  containing  moving  spiral  filaments  such  as  occur  in 
the  antheridia  of  the  other  families. 

S.  The  inferences  to  be  deduced  from  the  observations  on  the  development 
of  those  plants  in  which  the  two  kinds  of  organs,  occurring  in  distinct  placest 
can  be  separated.  Strong  evidence  has  been  brought  forward  that  the  dioecious 
Mosses,  as  they  are  called,  do  not  produce  sporangia  when  the  pistillidia  are 
kept  apart  from  the  antheridia  by  natural  accident.  The  majority  of  observers 
state  that  the  large  spores  of  the  Rhizocarpese  do  not  germinate  if  the  small 
spores  are  all  removed  from  contact  with  them  ;  a  few  counter-statements 
however  do  exist.  Again,  the  majority  of  authors,  and  all  the  recent  ones, 
State  that  only  the  large  spores  of  the  Lycopodiaceae  and  Isoetaceaa  produce 
new  planta  )  while  some  older  writers  believed  that  they  had  seen  the  small 
spores  do  so. 

3.  The  direct  observation  of  a  process  of  fertilisation,  of  which  we  have 
only  testimony  from  two  authors,  Suminski  and  Mercklin,  in  reference  to 
the  Ferns  alone ;  since  the  assertions  of  Schleiden  in  regard  to  the  Rhiso* 
earpese  have  been  demonstrated  by  Nageli,  Hofroeister,  and  Mettenius  to 
have  been  baaed  on  very  imperfect  observation. 

The  circumstantial  evidence  furnished  under  the  first  head  seems  to  me 
very  strong,  so  much  so  that  I  am  inclined  to  adopt  the  idea  of  sexuality  on 
this  ground  as  the  legitimate  provisional  hypothesis  arising  out  of  our  present 
knowledge,  especially  when  supported  so  strongly  as  it  is  by  the  negative 
evidence  indicated  under  the  second  head. 

The  positive  evidence  of  the  third  head  is  certainly  very  insufficient  as 
yet,  considering  the  extreme  delicacy  of  the  investigation.  Suminski's  other 
observations  on  the  details  have  been  contested  in  many  particulars ;  and 
Mercklin,  the  only  other  observer  who  asserts  that  he  has  seen  the  spiral 
fibmetite  within  the  so-called  ovules,  describes  the  conditions  differently,  and 
states  that  be  has  only  been  able  to  observe  them  positively  there  three  timesi 
At  the  same  time  the  difficulty  of  the  investigation  should  make  us  hesitate 
in  attaching  too  much  weight  to  the  failure  of  the  other  observers  in  tracing 
a  process  of  fertilisation  ;  moreover  it  is  quite  possible  that  actual  entry  of 
the  spiral  filamenta  into  the  canal  of  the  ovules  or  pistillidia  is  not  always,  if 
ever,  necessary* 

The  facta  before  us,  then,  appear  to  me  strong  enough  to  warrant  the 
adojpdon  of  tb^  views  propounded  by  the  latest  authors  on  this  subject^  and 
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the  acceptance  of  the  hypothesis  of  sexuality  in  the  Vascular  Cryptogam 
as  the  most  satisfactory  explanation  of  the  phaenomena  as  yet  obscrted. 
The  question  lies  now  much  in  the  same  condition  as  that  of  the  sexuality 
of  flowering  plants  before  the  actual  contact  of  the  pollen-tubes  with  the 
ovules  had  been  satisfactorily  demonstrated. 

Further  arguments  may  be  adduced  from  grounds  lying  out  of  the  pre- 
ceding statements,  viz.  1.  The  late  discovery  of  two  forms  of  organs  in  the 
Algae,  Lichens  and  Fungi,  which,  although  imperfect  at  present,  lead  to  the 
expectation  that  the  analogues  of  the  antheridia  and  pistillidia  of  the 
Mosses,  so  long  known,  will  be  found  in  all  Cryptogaroous  plants.  S.  The 
analogies  between  the  processes  of  animal  and  vegetable  reproduction  which 
appear  to  be  offered  by  these  new  views  of  the  nature  of  the  phaenomeoi  in 
the  Vascular  Cryptogams.  To  this  last  argument  I  shall  merely  allude*  as 
it  may  be  considered  to  lie  beyond  the  special  province  of  the  vegetable  phy- 
siologist ;  yet  when  we  recollect  the  imperceptible  character  of  the  gradatkw 
of  the  lower  forms  of  tl)e  two  kingdoms,  there  seems  far  sounder  ground 
than  is  allowed  by  Schleidcn  for  arguing  from  apparent  analc^es  between 
the  phaenomena  occurring  in  the  two  great  kingdoms  of  nature. 

Under  the  second  point  of  view  mentioned  above,  the  facts  of  stractme 
may  soon  be  disposed  of,  so  far  as  the  analogies  of  form  are  concerned;  the 
antheridia  of  the  Mosses,  Hepaticse,  Ferns,  and  Equisetaceae  agree  with  the 
small  spores  oCIsoeteSf  SeUtginella,  Pilulariat  and  Salvinia  in  produdu^the 
cellules  in  which  are  developed  the  moving  spiral  filaments  which  constitute 
the  essential  character  of  the  organs  of  the  one  kind;  while  the  pistillidia  of 
the  Mosses  and  Hepaticae  agree  with  the  so-called  *'  ovules "  of  the  Fen^ 
Equisetaceas,  Lycopodiaceae,  Isoetacea?,  and  Rhizocarpeae,  in  general  stnl^ 
ture  and  in  the  presence  of  the  central  large  cell  from  which  the  new  fona 
of  structure  originates. 

The  great  diHcrences  depend  on  the  position  in  time  and  space  of  the  o^ 
gans,  in  the  different  classes,  and  the  nature  of  the  immediate  product  of  tbeao* 
called  "  embryo-sac/*  the  large  central  cell  of  the  pistillidia  and  "  ovules." 

In  the  Mosses  and  HepaticeB  the  pistillidia  occur  upon  the  plant  when  the 
vegetative  structure  is  perfect, — and  the  immediate  product  of  the  great  cell 
is  a  sporangium.  If  a  process  of  fertilization  take  place  here«  we  may  I^ 
gard  the  antheridia  and  pistillidia  as  analogues  of  the  anthers  and  pistils  of 
dowering  plants,  the  sporangia  of  their  fruits ;  or  with  Hofmeister  we  may 
regard  the  phaenomenon  as  an  instance  of  an  "  alternation  of  generatiooii'' 
where  the  pistillidium  would  be  looked  upon  as  an  ovule,  producing  (in  tbeipo- 
rangium)  a  new  individual  of  totally  difierent  character  from  that  developed 
from  the  spore  (the  leafy  Moss  plant  in  the  usual  acceptation  of  the  term). 

In  the  Ferns  and  Equisetaceae,  we  find  the  spores  producing  a  froodosc 
structure  of  definite  form,  upon  which  are  developed  antheridia  and  pistil* 
lidia,  or  "  ovules."  Here  then  we  seem  to  have  one  generation  complete,  and 
the  new  development  from  the  pistillidium  or  "  ovule  "  appears  in  a  totaDy 
new  form,  producing  stem  and  leaves  which  have  a  distinct  individual  form 
and  existence,  and  produce  the  spores  after  a  long  period  upon  tem]>oraf7 
parts  of  the  structure,  on  the  leaves  ;  and  by  no  means  cease  to  exist  when 
those  are  matured.  Here  we  seem  to  have  a  real  "  alternation  of  genera- 
tions," and  Hofmei!>ter  compares  the  whole  permanent  plant  of  the  Fern  or 
Equisetum  to  the  sporangium  of  the  Mosses  and  Hepaticas.  In  all  ihc 
other  families,  the  Lycopodiaceac,  Jsoetacess,  the  Rhizocarpeae,  the  pw 
embryo  is  a  very  transitory  production,  and  is  developed  from  a  diifereo 
spore  from  the  spiral  filaments.    This  pro*embryo  is  clearly  analogooa  to 
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that  of  the  Ferns  and  Equisetaceae  ;  and  if  the  existence  of  sexes  be  a  fact, 
we  have  here  a  dioecious  condition  as  contrasted  with  a  monoecious  condi- 
tion in  the  two  last-named  families.  Hofmeister  here  again  assumes  that 
the  pro-embryo  developed  from  the  large  spore  is  an  intermediate  genera- 
tion between  the  two  perfect  forms  of  the  plant. 

It  is  rather  difficult  to  decide  upon  the  real  analogies  of  these  structures  with 
those  of  the  flowering  plants.  The  resemblance  of  structure  is  so  close  between 
the  pistillidia  of  the  Mosses  and  Hepaticae,  and  the  "  ovules  "  of  the  other 
Vascular  Cryptogams,  that  they  must  be  regarded  as  analogues,  and  then  the 
former  could  not  well  be  conceived  to  be  analogous  to  the  pistils  of  flowering 
plants,  but  rather  to  ovules ;  if  this  be  the  case,  the  sporangium  roust  be 
considered  the  analogue  of  the  perfect  plant  in  the  Fern,  &c.,  and  the 
leafy  stem  as  the  analogue  of  the  pro*embryo  of  the  Ferns,  &c.  The 
pistillidium  of  the  Mosses  can  indeed  iiardly  be  regarded  as  analogous  to  the 
fruit  of  a  flowering  plant,  as  in  that  case  the  spores  would  be  ovules  pro- 
duced long  after  fertilization ;  and  on  the  other  hand,  if  we  consider  the 
pistillidia  of  the  Moss  as  an  ovule,  which  it  might  be,  analogous  to  that  of 
the  Coniferae, — in  which  a  large  number  of  embryonal  vesicles  or  rudiments 
of  embryos  are  produced  after  fertilization  on  the  branched  extremities  of 
the  suspensors, — then  we  seem  to  lose  the  analogy  between  the  product  of 
the  pistillidium  of  the  Moss  and  that  of  the  ovule  of  the  Fern,  unless  we 
would  regard  the  entire  plant  of  a  perfect  Fern  as  analogous  to  the  ovule  of 
a  Conifer* 

Perhaps  the  time  has  hardly  come  for  us  to  arrive  at  any  conclusion  on  these 
points.  The  phaenomena  in  the  Ferns  and  Equisetaceae,  as  well  as  in  the 
Rhizocarpeae,  Lycopodiace«,  and  Isoetaceae  less  strikingly,  seem  to  present 
a  series  of  conditions  analogous  to  those  which  have  been  described  under 
the  name  of  "  alternation  of  generations  "  in  the  animal  kingdom,  and  seeing 
the  resemblance  which  the  pistillidia  of  the  Mosses  have  to  the  ovules  of  the 
other  families,  we  can  hardly  help  extending  the  same  views  to  them ;  in  which 
case  we  should  have  the  remarkable  phaenomenon  of  a  compound  organism, 
in  which  a  new  individual  forming  a  second  generation,  developed  afler  a 
process  of  fertilization,  remains  attached  organically  to  the  parent,  from  which 
it  differs  totally  in  all  anatomical  and  physiological  characters.  It  is  almost 
needless  to  advert  to  the  essential  difierence  between  such  a  case  and  that  of 
the  occurrence  of  flower-buds  and  leaf-buds  on  one  stem  in  the  Phanero- 
gamia,  as  parts  of  a  single  plant,  yet  possessing  a  certain  amount  of  indepen- 
dent individuality.  These  are  produced  from  each  other  by  simple  extension, 
a  kind  of  gemmation;  while  the  Moss  capsule,  if  the  sexual  theory  be  cor- 
rect, is  the  result  of  a  true  reproductive  process*. 

In  conclusion,  I  may  remark,  that  these  anomalous  conditions  lose  their 
remarkable  character  to  a  great  extent  if  we  refuse  to  accept  the  evidence  of 
sexuality  which  has  been  brought  forward  here.  If  the  structures  are  all 
products  of  mere  extension  or  gemmation,  the  analogies  which. have  been 
supposed  to  exist  between  them  and  the  organs  of  flowering  plants  all  fall 
to  the  ground.  But  believing  that  the  hypothesis  of  sexuality  is  based  on 
solid  grounds,  I  am  by  no  means  inclined  to  allow  the  difficulty  of  the  ex- 

*  Moreover  we  have  an  analogy  to  the  increase  by  hnds  in  the  mnovationM  hy  which  the 
kafy  stems  of  the  Mosses  are  multiplied,  both  in  the  earliest  condition,  where  a  number  of 
stems  are  developed  from  the  byssoid  mass  produced  by  the  spore,  and  afterwards  by  gem- 
nue  on  the  stems  and  leaves,  as  in  the  Liverworts  also.  The  byssoid  mass  produced  by 
the  Moss-spore  has  usually  been  called  the  pro-embryo^  but  it  is  evidently  not  analogous  to 
the  bodies  termed  pro-embryos  in  the  Ferns,  LycopodiacesB,  &c.  &c.  It  would  almost  seem 
to  constitiite  a  third  member  of  a  series  of  generations. 
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planation  of  thesa  relations  to  be  urged  as  a  Talid  argumait  agsinst  tlheir 
existence,  and  I  trust  that  this  imperfect  report  may  be  the  means  of  aUnct- 
ing  new  investigators  to  a  subject  which  presents  so  many  points  of  iatemt 
and  iroportance.-Wtt/^  dro^  1851. 

PostscripL — Since  the  above  Report  has  been  in  print  Dr.  W.  Hofiaeiiia 
has  published  his  promised  work  upon  the  higher  Cryptogams*,  whidi  ooo- 
tains  an  elaborate  series  of  researches  upon  this  subject.  He  there  coafiini 
all  his  previous  statements,  and  all  the  essential  particulars  given  by  So- 
minski,  Niigeli,  Mettenius^  &c.,  excepting  the  facts  of  the  impregnstion  hj 
means  of  the  spiral  filaments  or  spermatozoids,  which  however  be  oonsiden  it 
warrantable  to  assume.  His  speculations  as  to  the  relation  of  the  Cooifert 
to  the  Lycopodiaccae,  as  shown  by  the  development  of  the  embryo,  are  foj 
Interesting.  We  can  only  claim  spisice  to  indicate  the  general  results  of  bb 
work  as  given  in  the  concluding  summary: — "  The  comparison  of  the  covne 
of  development  of  the  Mosses  and  Liverworts  on  the  one  hand,  with  tbe 
Ferns,  Equisetacese,  Rhizocarpeae  and  Lycopodiacese  on  the  other,  revalf 
the  most  complete  agreement  between  the  development  of  the  fruit  of  tk 
former  and  the  development  of  the  embryo  of  the  others.  The  archegonioB 
of  the  Mosses,  the  organ  within  which  the  rudiment  of  its  fruit  is  foroed, 
resembles  perfectly  in  structure  the  archegonium  of  the  Filicoida  (in  die 
widest  sense),  that  part  of  the  prothallium  in  the  interior  of  which  the  emhrjo 
of  the  frondescent  plant  originates.  In  the  two  great  groups  of  the  higfatf 
Cryptogams,  one  large  central  cell  originating  free  in  the  archegoniam,  gi^ 
origin  by  repeated  subdivision  to  the  fruit  in  the  Mosses,  and  to  the  les^ 
plant  in  the  Filicoids.  In  neither  of  them  does  the  subdivision  of  thiicri 
go  on,  in  both  does  the  archegonium  become  abortive,  if  spermatic  filanMOti 
do  not  reach  it  at  the  epoch  when  it  bursts  open  at  the  apex. 

'*  Mosses  and  Filicoids  thus  afford  one  of  the  most  striking  examplat of* 
regular  alternation  of  two  generations  widely  different  in  their  organisstioSi 
The  first  of  these,  produced  by  the  germinating  spore,  developes  antbefi^ 
and  archegonia,  sometimes  few,  sometimes  many.  In  the  central  cell  of  the 
archegonium,  in  consequence  of  a  fertilisation  through  the  apermatoKwb 
emitted  from  the  antheridia,  becomes  developed  the  second  generation,  dei- 
tined  to  produce  spores,  which  are  always  formed  in  a  number  much  pts^ 
than  that  of  the  rudimentary  fruits  of  the  first  generation. 

*'  In  the  Mosses  the  vegetative  life  is  exclusively  committed  to  the  finti 
the  production  of  fruit  to  the  second  generation.  Only  the  leafy  stem  poe- 
aesaes  roots ;  the  spore-producing  generation  draws  its  sustenance  from  tlie 
foregoing.  The  fruit  is  usually  of  shorter  duration  than  the  leaf-bearing 
plant.  In  the  Filicoids  the  opposite  condition  obtains.  It  is  true  thefr&' 
thallia  send  out  capillary  rootlets ;  those  of  the  Polypodiaceae  and  Eqsise- 
tacese  under  all  circumstances,  those  of  the  Rhisocarpeae  and  Selsgioelle 
frequently.  But  the  prothallium  has  a  much  briefer  existence  than  the 
frondescent  plant,  which  in  most  cases  must  vegetate  for  several  years  be* 
fore  it  comes  to  bear  fruit.  Yet  the  contrast  is  not  so  strong  as  it  appetn 
to  be  at  first  sight.  The  seemingly  unlimited  duration  of  the  leaf-b«ri»J 
Moss-plant  depends  upon  constant  renovation  (vefjUngung).  Phmiiovoe» 
essentially  similar  occur  in  proliferous  prothallia  of  the  Polypodiaeeft  0^ 
Equisetaceae.     The  structure  of  the  lowest  Mosses  {Anthoeeros,  PMj  '^ 

*  VergMckends  UnienuchimgeH  der  Keimung,  SnifiOttmg  wd  f^ruekibUdmg  kik^ 
Srgpiogamen  (Moose,  Farm,  Egyisstmeeen,  Rhizocarpssn  wsd  Lgetpoduufsm)  w4i^^ 
msMldmtg  dsr  Con^eren,    1851,  Leipsio,  HofiaeisWr,  4to,  pp,  180,  W.  33. 
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less  complex,  and  the  duration  of  the  fruit-bearing  shoots  is  little  longer  than 
that  of  the  fruit  itself.  On  the  other  hand,  the  ramification  of  the  prothallium 
of  the  Bquisetacese  is  exceedingly  complicated ;  its  duration  is  even  equal  to 
that  of  a  single  shoot. 

"  It  is  a  circumstance  worthy  of  notice,  that  in  the  second  generation  of 
Mosses,  as  of  the  Filicoids,  destined  to  produce  spores,  more  complex  thick- 
enings of  the  cell*walls  regularly  occur  (teeth  of  the  peristome  of  Mosses, 
wall  of  capsule  and  elaters  of  Liverworts,  vessels  of  Filicoids,  &c.),  while  in 
the  first  generation,  springing  from  the  spores,  such  structures  are  found  only 
rarely  and  as  exceptions. 

*'  The  manner  in  which  the  second  generation  arises  from  the  first,  varies 
much  more  in  the  Filicoids  than  in  the  Mosses.  The  Polypodiaceae  and 
EqaisetacesB  are  hermaphrodite ;  the  Rhizocarpese  and  Selaginellae  monce- 
cious.  All  the  Filicoids  agree  in  the  fact  that  the  first  axis  of  their  embryo 
possesses  but  a  very  limited  longitudinal  development ;  that  it  is  an  axis  of 
the  second  rank  which  breaks  through  the  prothallium  and  becomes  the  main 
axis ;  further,  in  the  end  of  the  axis  of  the  first  rank  never  becoming  elon- 
gated in  the  direction  opposite  to  the  summit.  All  Filicoids  are  devoid  of  a 
tap-root,  aod  possess  only  adventitious  roots. 

"  In  more  than  one  respect  does  the  course  of  development  of  the  embryo 
of  the  Conifers  stand  intermediately  between  those  of  the  higher  Cryptogams 
and  the  Phanerogams.  Like  the  primary  parent-cell  of  the  spores  of  the  Rhi« 
lOCsrpesB  and  Selaginellae,  tlie  embryo-sac  is  an  axile  cell  of  the  shoot,  which 
ia  the  former  is  converted  into  a  sporangium,  in  the  latter  into  an  ovule.  In 
the  Conifers  the  embryo-sac  also  very  early  becomes  detached  from  the  cel- 
lular dssue  surrounding  it.  The  filling-up  of  the  embryo-sac  with  the  albu- 
men may  be  compared  with  the  origin  of  the  prothallium  in  the  Rhizocarpeas 
and  Selaginellae.  The  structure  of  the  'corpuscula'  bears  the  most  striking 
resemblance  to  that  of.  the  archegonia.of  iS'a/tu'nia,  still  more  to  that  of  the 
Selaginellae.  If  we  leave  out  of  view  the  different  nature  of  the  impregna- 
tion, in  the  Rhisocarpeae  and  Selaginellae  by  free-swimming  spermatic  fila- 
ments, in  theConiferae  by  a  pollen-tube  (which  js^Aop^developes  spermatic 
filaments  in  its  interior),  the  metamorphosis  of  the  embryonal  vesicle  into  the 
prhnary  parent-cell  of  the  new  plant  in  the  Conifers  and  Filicoids  is  solely 
distinguished,  by  the  latter  possessing  only  a  single  embryonal  vesicle  which 
completely  fills  the  cavity  of  the  central  cell  of  the  archegonium,  while  the 
former  exhibits  very  numerous  embryonal  vesicles  swimming  in  it,  of  which 
only  one  pressed  Into  the  lower  end  of  the  '  corpuaculum'  becomes  impreg- 
nated. The  embryo-sac  of  the  Conifers  may  be  regarded  as  a  spore  which 
remains  enclosed  in  its  sporangium ;  the  prothallium  which  it  forms  never 
comes  to  light.  The  fertilizing  mattes  must  make  a  way  for  itself  through 
the  tissue  of  the  sporangium,  to  reach  the  archegonia  of  this  prothallium. 

*'  Two  of  the  phaenomena  which  led  me  to  compare  the  embryo-sac  of  the 
Ctmifers  with  the  large  spores  of  the  higher  Cryptogams,  are  common  also 
to  the  embryo-sac  of  the  Phanerogams :  the  origin  from  an  axile  cell  of  the 
shoot,  and  the  independence  of  the  surrounding  cellular  tissue  (so  striking, 
hi  example,  in  the  Rhinanthacece,  through  the  independent  growth  of  the 
en)hryo-«ao).  By  their  poUen-grains  producing  tubes  the  Conifers  are  closely 
ooanectedwith  the  Phanerogams,  from  which  they  differ  so  much  in  the  course 
of  development  of  their  embryo-sac  and  the  embryonal  vesicles.  The  sepa- 
ration of  the  prothaliium  of  the  Conifers  into  a  number  of  independent  sus- 

pensorsfis  aphasnomenonof  a  most  peculiar  kind,  having  no  analogue  through- 
^t the  vegetable  kiiigdom."-^(X0C.  eU.  pp.  ld9*^l.)~A.  H.  Dec.  16, 185 U 
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On  the  Nomenclature  of  Organic  Compowub.    By  Cha&lbs  6.B. 
Daubbny,  M.D.,  F.R.S.,  Professor  of  Chemistry  at  Oxford. 

Introduction. 
My  attention  has  of  late  been  in  some  degree  attracted  to  the  nomenehtore 
of  organic  combinations,  and  on  considering  this  subject,  it  has  strack  me 
as  a  matter  of  surprise,  that  none  of  the  British  treatises  on  cbeoiiitry 
with  which  I  am  acquainted  should  contain  any  rules  to  guide  us,  either  in 
affixing  names  to  substances  newly  discovered,  or  in  divining  the  nature  and 
relations  of  bodies  from  the  appellations  attached  to  them.  Nor  do  I  fiod 
this  deficiency  supplied  in  a  manner  which  to  me  appears  satisfactory,  vbeQ 
I  turn  to  the  writings  of  continental  chemists.  Amongst  these  I  may  no- 
tion two  in  particular,  namely  Gmelin  and  Gerhardt,  who  have  busied  then* 
selves  on  this  subject ;  both  men  of  eminence  in  their  respective  coiiDtne» 
neither  of  whom  however  appears  to  me  to  have  proposed  a  scheme  of  no* 
menclature  at  all  calculated  for  general  adoption. 

Gmelin,  indeed,  in  his  Handbook,  has  invented  entirely  new  names  for  il 
simple  bodies  whatsoever,  designating  compound  ones  by  means  of  wordi 
made  up  of  those  which  he  had  affixed  to  their  constituents.  He  has  eren 
gone  further  than  this,  first,  in  suggesting  a  method  by  which  the  number  of 
atoms  of  each  element  may  be  implied  by  the  inflexion  of  the  name  whick 
expresses  it ;  and  secondly,  in  extending  the  same  mode  of  designatioo  to 
organic  bodies,  by  the  use  of  distinct  terms  for  each  of  the  supposed  radical 
from  which,  with  the  addition  of  certain  other  elements,  the  various  sab- 
stances  met  with  in  this  department  of  nature  are  conceived  to  be  built  d]K 
Thus  for  example, — 

1  atom  of  oxygen  is  expressed  by  the  word  one, 

2  atoms ene^ 

S  atoms ine^ 

4  atoms one, 

5  atoms tme, 

6  atoms aene ; 

and  so  on. 

1  atom  of  hydrogen  is  called    ale, 

2  atoms,  by  inflexions  of  the  like  description. 

1  atom  of  carbon  is  called  om, 

of  sulphur o/^, 

— —  of  nitrogen   oA*, 

of  chlorine  ake, 

■  of  potass  pate, 

of  soda note ; 

and  so  with  others.  Water  will  be  designated  by  two  sylkbles,  derived  from 
its  two  constituents,  and  is  therefore  called  alan ;  sulphurous  acid  afen ;  sul- 
phuric acid  qfin ;  sulphate  of  soda  therefore  will  be  naian-qfin.  *  Arbitraiy 
names  are  attached  to  the  compound  radicals:  thus  ethyl  is  vine;  aniyi  » 
myl;  phenyleisfunet&c. 

Now  it  will  be  seen,  that  as  the  new  names  assigned  to  the  elements  bear 
no  relation  whatsoever  to  those  in  common  use,  the  amount  of  labour  incurred 
in  the  adoption  of  such  a  nomenclature  would  be  equivalent  to  that  attending 
the  acquisition  of  a  new  language,  and  one  too  all  the  more  embarrasHOg 
from  the  near  resemblance  which  the  words  themselves  bear  to  each  other. 
Accordingly  I  cannot  bring  myself  to  believe  that  such  a  nomenclature  a§ 
Gmelin's  will  ever  come  into  general  use ;  for  although  it  be  true,  that  tha 
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one  for  inorganic  bodies  introduced  by  Lavoisier  and  his  associates,  which 
with  all  its  faults  has  wonderfully  facilitated  the  advancement  of  the  science, 
met  with  rapid  success,  it  must  be  recollected,  that  the  innovations  then 
made  did  not  extend  beyond  a  few  bodies,  and  those  for  the  most  part  of 
recent  discovery ;  whilst  even  in  tlieir  case  the  names  imposed  were  by  no 
means  so  arbitrary,  or  so  destitute  of  meaning,  as  are  those  of  Gmelin. 

Oxygen,  hydrogen,  carbon,  and  nitrogen,  comprise  perhaps  the  entire 
catalogue  of  new  names  for  elementary  substances  devised  by  the  French 
chemists,  and  in  every  one  of  these  the  Greek  or  Latin  root  of  the  word 
suggests  some  at  least  of  the  chemical  properties  or  relations  of  the  body 

It  b  indeed  true,  that  the  changes  which  they  introduced  pervade  the  whole 
of  chemistry,  because  the  elements  to  which  new  names  had  been  assigned 
enter  so  largely  into  combination  with  others;  but  the  principles  upon 
which  they  proceeded  in  the  innovations  proposed  were  nevertheless  in 
themselves  few  and  simple. 

Gmelin  8  method,  on  the  contrary,  involves  the  rejection  of  the  entire 
system  of  names  in  common  use,  and  requires  moreover  such  a  perfect  fami- 
luurity  with  those  which  he  has  substituted,  as  should  enable  us  to  perceive  at 
a  glance  the  import  of  any  combination  of  them  which  may  occur,  and  to 
appreciate  the  value  of  each  of  the  inflexions  to  which  the  terms  are  subject, 
according  to  the  number  of  atoms  which  the  constituents  of  the  substance 
designate  may  severally  present  What  chemist,  for  instance,  would  tolerate 
such  an  expression  as  natan-^fin  for  sulphate  of  soda,  or  follow  the  lecturer 
when  he  spoke  of  Unewne  for  wine-alcohol  ?  I  have  no  idea,  therefore,  that 
a  nomenclature  formed  upon  such  a  principle  as  that  of  Gmelin  will  ever- 
meet  with  general  adoption,  or  can  bfe  regarded  in  any  other  light  than  as  an 
exercise  of  ingenuity,  or  as  a  kind  of  philosophical  puzzle. 

With  respect  to  the  other  scheme  proposed  by  Gerhardt  in  his  '  Precis  de 
Chemie  Organique,'  I  perhaps  need  only  remark,  that  such  modifications  as  he 
has  recommended  in  the  established  method  are  founded  upon  his  own  peculiar 
theoretical  views,  and  upon  the  system  of  classification  which  he  has  thought 
fit  to  adopt  with  respect  to  organic  bodies.  Whatever  therefore  may  be  its 
merits,  it  does  not  meet  the  object  I  have  in  view,  which  aims  at  nothing 
further  than  r^deringthe  existing  nomenclature  more  consistent  with  itself, 
and  with  the  principles  agreed  upon  by  the  great  body  of  scientific  chemists 
who  are  employed  upon  this  department  of  the  subject,  and  which  therefore 
excludes  the  adoption  of  any  alterations  which  imply  the  recognition  of 
views  not  yet  generally  assented  to.  Moreover,  the  classification  of  organic 
substances  with  which  Gerhardt  has  set  out,  is  entirely  artificial,  and  one 
which  places  bodies  belonging  to  the  same  type  often  in  the  most  distant  parts 
of  his  system ;  nor  has  it,  to  compensate  for  this  defect,  the  same  recom- 
mendation which  the  Linnsean  system  possesses  in  Botany,  namely,  that  of 
enabling  us  promptly  to  distinguish  the  object  denoted ;  since  the  composition 
of  the  body,  upon  which  its  place  in  the  series  depends,  can  only  be  ascer- 
tained after  a  minute  and  laborious  investigation. 

But  dissatisfied  as  I  may  be  with  the  methods  hitherto  proposed,  it  is 
foreign  fronn^  my  intention  to  suggest  any  new  principle  of  naming  organic 
substances,  convinced  as  I  am  that  none,  except  the  great  masters  of  the 
science,  who  possess  influence  enough  to  give  laws  in  the  first  instance  to  a 
numerous  band  of  pupils,  and  a  general  reputation  so  extensive  as  to  cause 
them  to  be  submitt^  to  afterwards  over  a  much  wider  circle,  have  a  right  to 
expect  that  a  patient  hearing  would  be  given  to  them,  were  they  to  under^ 
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take  to  originate  a  System  of  Nomenclature.  All  that  I  aim  alaeoompliiliing 
is  to  impart,  if  pomible,  something  like  definiteneis  to  our  ideas  on  the  tub- 
ject ;  and  this  I  propose  to  do,  first  by  comparing  the  names  assigned  by  tlie 
highest  authorities  to  various  organic  compounds  with  the  relations  in  wiiidi 
the  bodies  themselves  stand  to  each  other,  and  by  submitting  to  you  nieh 
inferences  with  respect  to  the  general  principles  which  appear  to  baTe  guided 
them  in  the  choice  of  the  terras  they  employ,  as  I  may  have  thence  deduced ; 
and  secondly,  by  pointing  out  instances  in  which  the  principles  assumed  sp< 
pear  to  have  been  departed  from,  and  thus  anomalies  to  have  been  faitio* 
duoed  into  the  language  employed. 

The  plan  adopted  by  the  founders  of  that  distinct  branch  of  ieience  ncnr 
recognised  as  Organic  Chemistry,  leems  to  have  been  nothing  more  than  lO 
extension  of  the  system  common  in  all  similar  cases,  namely,  to  seleot, 
as  a  generic  name  for  a  class,  that  of  some  body  belonging  to  it  which  hip* 
pens  to  be  most  familiarly  known  to  us.  Thus,  as  the  use  of  the  term  Sslt 
has  been  from  time  immemorial  extended,  from  the  substance  eommonly  sod 
best  known  to  us  as  such,  to  all  that  class  of  bodies  which  possesses  a  simfhr 
constitution,  so  in  organic  chemistry  Alcohol  is  employed  as  a  generic  tern 
for  a  class  of  bodies,  of  which  spirits  of  wine  is  the  tvpe ;  Ether  for  that  ci 
which  the  body  commonly  called  sulphuric  ether  is  the  best  known  ;  Camphor 
for  the  one  to  which  the  well-known  product  from  the  lAmrtt9  (kmphan 
belongs.  It  is  also  customary  to  employ  one  of  the  syUables  of  the  word 
expressive  of  a  class  as  a  part  of  the  name  of  any  particular  member  of  it 
Thus  chlora/  is  a  body  of  the  type  of  aldehyde,  but  containing  chlorine;  wt' 
thane,  a  compound  of  an  ether  with  an  organic  base,  urea.  These  indeed 
may  perhaps  be  regarded  rather  as  ibbreviations  of  the  former,  than  at 
distinct  names  for  the  members  of  a  sc^es. 

I  shall  therefore  begin  by  considering  the  names  applied  to  those  claasei 
under  which  the  multiplied  products  of  natural  and  artificial  prooeasei  which 
present  themselves  in  the  domain  of  organic  chemistry  have  been  ranged,  fX 
least  provisionally,  by  our  syatematio  writers* 

Part  I. — On  the  Classes  cf  Organic  Bodies. 

The  following  classes  of  oi^nic  bodies  appear  to  be  recognized  ^^ 

Hydrocarlx>ns.  Alcohols*  Nitriles. 

Essential  oils.  Aldehydes.  Ureas. 

Camphors.  Hydrurets.  Cetones. 

Resins.  Ethers.  Glycerides. 

Acids.  Amides.  Neutral  or  iiidif« 

Neutral  salts.  Imides.  ferent  eompoundi* 

Alkalies. 
£iy«/roear&OM«.— Hydrocarbon  is  a  term  comprehending  too  miseeUaneMI 
a  collection  of  bodies  to  be  of  much  use  for  the  purposes  of  dassificatioa  ifl 
the  ordinary  sense  in  which  it  is  employed,  embracing,  as  it  does,  not  only  tlie 
so-called  compound  radicals,  but  likewise  a  large  number  of  the  essential  oila 
As  however  several  of  these  latter  contain  in  addition  oxygen,  and  othen  lul- 
phur,  such  a  classification  would  be  inapplicable  to  a  large  proportion  of  ^ 
members  of  this  family ;  and  it  is  also  to  be  considered,  that  in  those  oili 
which  consist  only  of  carbon  and  hydrogen,  a  portion  of  the  latter  principl* 
seems  bound  to  the  other  element  by  a  looser  affinity  than  the  remamder,  «0 
that  even  these  may  be  regarded  rather  in  the  light  of  hydrurets  than  of 
simple  hydrocarbons.    Reserving  therefore  Uiia  latter  terra  for  bodies  wU^ 
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\  in  the  relation  of  compound  radicals,  we  have  three  distinct  families  to 
set  apart  firom  them :  namely,  essential  oils,  or  eleoptenes ;  2ndy  camphors,  or 
ttearoptenes ;  and  3rd,  resins. 

Essential  Oi^t^— Essential  oils  agree  sufficiently  in  physical  and  chemical 
properties  to  admit  of  being  referred  to  the  same  class,  notwithstanding  such 
•abordinate  differences  as  the  superaddition  of  oxygen,  nitrogen,  or  sulpho-> 
cyanogen  may  occasion. 

CQan|9Aori«-~-Camphor  is  a  term  applied  to  a  class  characterized  by  re* 
maining  solid  at  ordinary  temperatures,  and  by  corresponding  with  the 
essential  oils  associated  with  them  in  the  same  plant  in  the  relation  between 
their  hydrogen  and  carbon,  the  essential  difference  between  the  two  being 
the  superaddition  of  an  atom  of  oxygen  to  the  ingredients  of  the  oil. 

iStMiMw-^They  thus  are  distinguished  from  the  class  of  resins,  which  seem 
to  be  derived  from  the  essential  oils  through  the  substitution  of  oxygen  for 
hydrogen.  Thus  oil  of  turpentine  is  represented  by  C'^  H^ ;  whilst  its  resin 
is  Cio  W  O,  H  being  removed,  O  added. 

Aeidi^^V/ith  regard  to  this  next  class,  I  am  not  disposed  to  recom- 
mend any  innovation  upon  existing  usage,  though  aware  that  Gerhardt  has 
proposed  uniting  those  which  contain  the  elements  of  water  with  the  neutral 
salts,  distinguishing  the  former  by  the  generic  term  usually  applied  col* 
lectively  to  the  whole  series  of  combinations  which  they  contribute  to  form^ 
and  designating  the  members  of  each  group  by  specific  names  taken  from 
those  of  the  several  bases  united  with  them. 

Thus  oil  of  vitriol  would  be  called  normal  sulphate,  whilst  the  several  com- 
binations produced  by  its  action  upon  the  alkalies,  earths,  and  metallic  oxides 
would  retain  their  present  distinctive  appellations.  I  much  doubt  however 
whether  chembts  in  general  are  as  yet  prepared  for  such  an  innovation ;  and 
for  my  own  part  1  should  not  easily  reconcile  myself  to  the  propriety  of 
transferring  to  the  acid  constituent  a  name  so  long  applied  to  the  genus,  of 
which  the  several  salts  constitute  the  species. 

This  latter  objection  indeed  might  be  got  over,  by  calling  the  hydrous  acid, 
in  the  instance  before  us,  sulphate  of  water ;  but  such  an  expedient  would 
compel  us  to  class  together  bodies,  whose  physical  and  chemical  properties 
appear  to  differ  from  each  other  as  materially  as  those  of  an  acid  from  a 
neutral  saltT 

To  do  this  at  the  present  time  would  be  nothing  less  than  to  assume  the 
Binary  Theory  of  salts  as  established  on  incontrovertible  evidence,  instead 
of  remaining  amongst  the  debateable  points  of  science,  and  would  therefore 
he  inconsistent  with  the  principle  upon  which  I  have  proceeded,  of  recom- 
mending no  system  of  nomenclature  which  implies  the  adoption  of  views 
Dot  generally  recognized. 

Nentral  Sabs. — Hence  I  should  prefer  that  the  compounds  which  are 
produced  by  the  union  of  a  vegetable  acid  with  a  base,  or,  if  you  please, 
by  the  replacement  of  the  hydrogen  in  the  former  by  a  metal,  should  still 
he  thrown  into  the  class  of  saUsy  the  genus  and  species  of  each  being  cha- 
racterized, as  at  present,  by  terms  expressive  of  the  acid  and  base  which 
cohtribute  to  its  formation. 

Vegetable  Alkalies. — ^With  respect  to  these,  it  will  be  seen  that  the  bodies 
•o-ealled  may  be  thrown  into  one  or  other  of  the  three  classes  of  amides, 
imides  and  nitriles,  if  these  words  be  any  longer  retained  in  the  nomencla* 
tore  of  science. 

There  are  indeed  bodies  called  amides  which  possess  acid  properties,  such 
as  the  oxamic  acid,  which  is  composed  of  ozamide  NH*  C*  O^  +  oxalic  acid 
O  CH ;  but  this  is  nothing  more  than  an  instanoe  of  a  ctn^ugate  acidy  or  of  a 
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body  which  retains  its  acid  properties,  wheu  united  to  another  which  doei 
not  neutralize  it.  Oxamide,  however,  and  many  other  so-called  ammonia 
compounds  are  not  alkalies^  although  all  alkalies  derived  from  the  vegetable 
kingdom  appear  to  be  obtained  through  the  medium  of  ammonia. 

The  recent  researches,  however,  of  Wiirtz  and  Hofmann  bid  fair  to  rid  u 
of  these  three  classes  of  bodies.  They  have  shown,  for  instance,  that  manj 
compounds  termed  amides  are  nothing  more  than  replacements  of  one  of  tbe 
hydrogen  atoms  present  in  ammonia  by  various  hydrocarbons,  and  that 
imides  and  nitriles  are  often  formed  by  the  substitution,  tbe  first  of  two,  the 
latter  of  three  atoms,  of  an  organic  base  for  the  hydrogen  of  the  ammoniai 
That  the  vegetable  alkalies,  indeed,  using  the  term  in  its  stricter  and  more 
ordinary  sense,  are  thus  formed,  seems  now  in  a  manner  demonstrated ;  bat 
before  we  allow  ourselves  to  substitute  the  term  alkali  for  the  three  dasei 
under  consideration,  it  must  be  shown  on  the  one  hand  that  all  organie 
bodies  possessing  alkaline  properties  are  formed  in  this  manner,  and  oo  the 
other,  tbat  all  amides,  imides,  and  nitriles  possess  alkaline  properties. 

The  existence  of  odd-amides  would  not  in  itself  militate  against  thii 
view,  as  the  chemical  relations  may  in  them  be  determined  by  the  add  pre* 
sent,  but  whether  other  exceptions  may  not  occur  iu  the  way  of  such  a  g^ 
neralization  must  be  left  for  further  inquiries  to  decide.  At  any  rate  it 
deserves  to  be  considered,  whether  the  bodies  of  the  class  known  as  (/itof,  a 
term  which  has  been  extended  from  the  animal  excretion  so  designated  to 
other  bodies  possessed  of  an  analogous  composition  to  it,  and  therefore  to 
bodies  isomeric  with  the  alkaline  cyanates,  are  to  be  ranked  under  thb  tame 
head. 

Their  analogy  of  constitution  to  that  of  the  vegetable  alkalies  may  be  aeea 
by  comparing  the  composition  of  normal  urea,  as  well  as  of  aniline  urea,  with 
that  of  the  bodies  we  have  been  considering. 

Urea  is  often  represented  as  C>  NO,  HO  +  NH^ ;  and  aniline-urea  b  ahowa 
by  Hofmann  to  have  the  composition  of  C«  NO  HO+C*  H^N,  or  of  cyanate 
of  aniline. 

But  the  former  may  be  regarded  as  composed  of  two  atoms  of  ammonia 
conjoined,  in  each  of  which  one  atom  of  hydrogen  b  replaced  by  CO,  forming 
as  it  were  a  double  carbamide,  viz. — 
NH 
H 
CO 
NH 
H 

CO  J 
and  in  like  manner  aniline-urea  as— 
NH 
H 

C'«H* 
NH 
C»0» 
C»0» 

But  I  do  not  see  how  the  bodies  newly  discovered  by  Wiirtz,  coosiiting 
respectively  of — 

Cyanurate  of  methvl C«  N«  0»  +3C«  H'  O 

„         ethyf. C«  N»  O'+SC*  H*  O 

Cyanate  of  ethyl    C«  N  O  +C*  H*  O 

„         methyl C«N  O  +C«H» O 


)^=N«H*C*0«; 


>  =N«  H»  C»«  0«. 


Digiti 


zed  by  Google 


ON  THB  NOMBNCLAVUftB  OP  OAGANIG  COMPOUNDS.  129 

can  be  referred  to  this  same  class.  They  are  analogous,  indeed,  to  urea,  if 
this  body  be  r^;arded  as — 

Cyanate  of  ammonia C*  N  O + HO + NH*, 

bot  not  to  tbe  alkaloids,  if  the  latter  be  represented  as  replacements  of  hy- 
drogen atoms  by  hydrocarbons. 

AleohoU. — The  term  alcohol,  although  applied  to  a  number  of  bodies, 
whose  physical  properties  deviate  widely  from  those  of  the  substance  Which 
it  was  originally  meant  to  signify,  is  a  convenient  expression  for  a  class  be- 
longing, chemically  speaking,  to  a  common  type — whether  we  regard  them 
with  Liebig  as  the  hydrated  oxides  of  a  hydrocarbon  ;  with  Dumas  as  dif^^ 
fering  from  their  respective  ethers  simply  by  the  addition  of  a  second  atom 
of  water;  or  with  Gerhardt  as  a  cluster  of  atoms,  the  arrangement  of  which 
is  unknown  to  us,  but  which  possess  in  common  the  property  of  being  meta- 
morphosed  into  a  carburet  of  hydrogen,  by  abandoning  the  elements  of  one 
equivalent  of  water ;  and  into  a  monobasic  acid,  by  the  substitution  of  two 
atoms  of  oxygen  for  two  of  hydrogen. 

Although  not  more  than  six  or  seven  of  such  bodies  have  as  yet  been  dis- 
covered, there  seems  a  probability  that  we  may  eventually  be  able  to  form  as 
many  as  shall  be  equal  in  number  to  the  vegetable  acids  already  recognized, 
and  hence  a  particular  name  for  the  class  in  general  seems  indispensable. 

AUehydes* — I  am  not  aware  of  any  objection  that  applies  to  the  next 
class  that  of  aldehydes,  which,  designating  iu  the  first  instance  the  substance 
prepared  by  the  abstraction  of  two  atoms  of  hydrogen  from  wine -alcohol,  is 
intended  to  stand  as  a  generic  term  for  all  bodies  similarly  constituted. 

It  ought  therefore,  as  it  might  seem,  to  take  in  the  essential  oil  of  bitter 
almonds  C**  H^  OS  which  by  the  addition  of  O^  is  converted  into  benzoic 
acid,  as  well  as  the  analogous  compounds  derived  from  salicine,  from  cinna- 
mile,  and  from  cuminile,  each  of  which  gives  rise  to  a  corresponding  acid. 

Tlius,  essential  oil  of — 

Almonds   C*^  H^  O^-f  O*  produces  Benzoic  acid. 

Spiraea C»*  H»*  O*  -f  0«        „        Salicylic  acid. 

Cinnamon. .  . .  C»«  H»«  0*+ 0«        „        Cinnamic  acid. 
Cumin C"  H«*  0«  +  O*        „        Cuminic  acid. 

la  none  of  these  cases,  however,  have  the  corresponding  alcohols  been 
ditoovered,  and  hence  it  will  be  seen  that  in  Turner's  Chemistry  they  are 
referred  to  the  class  of  hydrurets,  being  considered  as  compounds  of  the  or- 
ganic radical,  benzoyle  C'^n'O",  with  1  of  hydrogen.  The  chembt,  how- 
ever, will  have  to  take  his  choice  of  these  two  views,  for  he  cannot  without 
eoofasion  adopt  both  ;  aldehydes  in  one  sense  being  hydrurets,  and  hydru- 
rets m  another  putting  in  a  claim  to  be  regarded  as  aldehydes. 

^ier$. — I  next  proceed  to  the  class  called  ethers,  a  name  originally  ap- 
plied to  the  peculiar  volatile  fluid  produced  by  the  action  of  sulphuric  acid 
^n  wine-alcohol.  Here,  however,  a  considerable  confusion  has  been 
created  by  placing  under  the  same  head  bodies  connected  together  by  a  very 
^igae  analogy. 

Whether,  indeed,  we  regard  sulphuric  ether  as  the  oxide,  or  as  the  hydrate 
of  a  hydrocarbon ;  or  whether,  discarding  theory,  we  simply  state  it  as 
the  |>rodoct  of  the  union  of  an  alcohol  with  an  acid,  accompanied  by  the 
^imination  of  the  elements  of  water ;  it  will  be  found  that  this  generic  term 
^  been  extended  beyond  the  strict  limits  of  its  definition. 

Chemists,  indeed,  in  general  seem  to  consider  it  sufficient  to  place  all  those 
1n>&b,  the  basia  of  which  is  an  ether,  under  the  head  of  compound  ethers ; 
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forgetting,  that  on  the  one  hand,  the  greater  part  of  thoae  daaied  nnte  Ae 
latter  head  differ  from  the  simple  etheri,  at  mach  as  the  ohuM  of  alkaliss  dom 
from  that  of  neutral  salts;  and  that  on  the  other,  bodies  of  the  same  compo- 
sition as  the  so-called  compound  ethens  such  as  the  zanthic  acid,  oonsisliDe 
of  two  atoms  of  sulphuret  of  carbon  united  to  sulphuric  ether,  SC8*+ AeO, 
are  referred  by  them  to  a  different  head — the  groundwork  of  the  classiflcitkn 
being  thus  shifted  from  the  oompoaition  of  the  bod j  to  its  chemiesl  pro- 
perties. 

One  is  also  at  a  loss  to  draw  a  line  between  a  compound  ether.  •  AeO+s 

^     1  u     .  :         -I  fAO+« 

and  snlphoTmic  acid "IhO+Xi 

Indeed  sulphoyinic  acid,  instead  of  being  excluded  from  the  class  of  etbeiii 
would  seem  to  be  the  only  known  body  to  which  the  tenn  sulphuric  etba 
can  properly  be  applied. 

In  short,  if  the  term,  compound  ether,  be  retained  at  all.  it  should  ba  re- 
stricted to  bodies  like  those  produced  by  Williamson,  in  which  a  simole  ether 
is  united  with  an  ether  radical,  as  the  oxide  of  ethyl  with  noiethyl  or  vitfl 
amyi,  constituting  what  he  calls  two  and  three  oarbon  ethera»  acoordisg  to 
the  number  of  atoms  of  carbon  present 

I  do  not  caril  with  such  a  mode  of  distinguishing  these  several  compoanj 
but  as  the  same  nomenclature  would  be  applicable  to  the  simple  ethere  ss  vdl 
as  to  those  which  he  describes,  it  would  seem  preferable  to  call  them  by  tke 
name  of  compound  ethers,  adding  the  specific  term  indicating  the  number 
of  atoms  of  carbon  present  in  them,  as  a  method  of  distinction. 

There  is  likewise  another  cause  of  confusion  traceable  to  the  use  of  the 
term  ether  for  the  oxides  alike  of  methyl  and  amyl,  as  weU  as  for  thoeeei 
the  ethyl  series. 

Hence,  when  nitric,  carbonic,  acetic,  benzoic  ethers  are  spoken  of,  ve  ^ 
left  in  doubt  as  to  the  class  meant  to  be  expressed,  whether  it  be  an  scetate, 
\r  other  salt,  of  methyl,  of  ethyl,  or  of  anayi. 

^  therefore  approve  of  the  method  of  naming,  already  prtbctised  viu 
regyd  to  certain  of  these  compounds,  and  womd  extend  the  same  to  m 
caUil^  them  respeotively — 

And  in  like  manner 
Chloride  of  methyL 


Sulphate  of  oxide  of  methyl 
Benzoate  of  oxide  of  methyl. 

Acetate  of  oxide  of  methyl 


Chloride  of  ethyl. 
Bromide  of  ethyL 
Nitrate  of  oxide  of  ethyL 
Hyponitrate  of  oxide  of  ethvl. 
Sulphocarburet  of  oxide  of  ethyL 
Acetate  of  oxide  of  ethyL 
And  so  with  the  rest. 

Ceione* — Thb  term,  improperly,  as  I  conceive,  changed  to  Ketone,  hsi  been 
applied  to  a  class  of  bodies,  formed  like  acetone  by  exposing  to  heat  sn  ^ 
hydrous  salt  of  some  one  of  the  fatty  acids  with  lime  or  barvtes,  such  a$  ^ 
acetate,  butyrate,  benzoate,  mai^arate,  or  stearate  of  these  bases.  . . 

Under  such  circumstances  the  acid  parts  with  one  atom  of  carbon  and  vito 
two  of  oxygen,  which  form  together  an  atom  of  carbonic  acid.  Tbieo^'^ 
bines  with  the  base,  whilst  the  renuiining  atoms  are  driven  off  as  soetooed^ 
the  form  of  vapour, 

C«  H'  O  acetic  acid 
leaving  C'        O  carbonic  acid 

forms  €•  H^  0>  acetone. 
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Mr*  Morley  has  described  a  product  of  an  analogoua  kind  derived  from 
the  distillation  of  metaoetonic  or  propionic  add,  which  he  caUs  propione» 

€•  H*  CM 
leaving  C        0« 

C^  H*  0>  propione- 

Kane  indeed  has  referred  aeetone  to  the  claAi  of  alcohols,  r^ardiog  it  as 
the  hjdrated  oxide  of  his  hypothetical  radical  mesytyle ;  but  the  mode  of  iti 
formation  keeps  it  apart  from  the  alcohol  series,  to  which  indeed  it  would 
be  difficult  in  the  present  state  of  our  knowledge  to  refer  the  other  members 
of  this  divuion,  so  that  it  would  seem  advisable  that  this  name  should  be 
retained  for  the  entire  class  of  organic  compounds  which  are  framed  in  the 
manuer  represented. 

Gfycgrides, — This  is  another  series  of  organic  compounds  which  deserves 
our  notlee»  iodudtng  most  of  the  fixed  oils.  They  are  essentially  composed 
of  some  acid  of  the  descriptioa  called  fatty,  and  of  the  oxide  of  a  base  called 
Glycerine. 

AUbougb  they  are  In  fact  neutral  salts,  yet  the  peculiarity  of  their  phy- 
iioal  characters,  and  their  frequent  occurrence  throughout  both  kingdoms  of 
oiganio  nature,  appear  to  render  a  distinct  term  for  them  advisable. 

Neutral  Bodies, — I  do  not  know  that  chemical  writers  have  as  yetsno- 
oseded  in  establishing  any  other  well-defined  groups  for  the  multiform  pro- 
daoli  of  the  vegetable  world,  except  it  be  that  extensive  one  consisting  of 
bodies  commonly  designated  as  neutral  or  indiA'crent,'  and  composed  of  car* 
bon  with  a  certain  number  of  atoms  of  water,  or  at  least  of  oxygen  and 
hydrogeu  in  the  proportions  that  form  that  fluid. 

These  in  consequence  possess  much  of  a  common  character,  and  are  often 
convertible  one  into  the  other,  the  differences  between  them  being  rather 
tiruetural  than  ehemicaly  and  their  affinities  being  less  intense  than  those  of 
bodies  which  belong  to  any  of  the  preceding  classes. 

Part  II. 
On  the  Tenrnnatians  of  the  Words  designating  ike  Members  of  each  Class, 

Most  chemists  have  found  it  convenient  to  denote  bodies  which  belong  to 
the  same  class  by  words  terminating  alike,  although  Gerhardt  in  his  classifi- 
flttion  of  organic  compounds  has  neglected  this  principle,  ioasmuch  as  he 
gives  to  the  general  terms  iodicative  of  classes  the  same  termination,  and 
moreover  places  under  each  head  bodies  terminating  very  differently. 

Of  the  terminations  commonly  understood  to  designate  the  members  6f 
particular  classes,  the  most  unexceptionable  perhaps  are, — 1st,  the  termina- 
tioD  yle  for  the  oompound  radicals,  methyle,  ethyle,  amyle,  benzoyle,  &c. ; 
and  as  the  above  has  oeen  assigned  to  the  bodies  possessing  the  atomic  con- 
•titation  assigned  to  the  organic  radicals  by  Liebig,  namely  C*  H'  with  the 
raperaddition  of  two  or  more  multiples  of  C*  H>,  it  may  prevent  confusion 
to  adopt  the  termination  eneoren  for  those  hydrocarbons  with  an  equal  num^ 
her  of  atoms  of  carbon  and  hydrogen  which  Dumas  used  to  regard  as  the 
i^  ornnic  radicals ;  thus  etherene  will  be  a  compound  of  C^  H^,  methylene 
of  C  H*.  and  other  compounds  with  an  analogous  constitution  will  terminate 
in  the  same  manner. 

The  termination  tne  is  reserved  for  the  v^etable  alkalies,  or  for  bodies 
P^*i^iog  properties  of  at  least  an  analogous  nature. 
Thus  strychnine,  morphine,  nicotine,  as  well  as  isotine,  aniline,  and  even 

■^'^^^kine,  chol68terine>  &c.  belong  to  this  group. 
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It  maj  be  doubtful  whether  kreatine,  not  being  alkaline,  u  strictly  eotided 
to  this  termination,  and  at  any  rate  it  should  be  understood,  that  it  is  to  be  re- 
stricted to  bodies  containing  nitrogen ;  thus  the  ethers  are  rightly  exdoded, 
because  although  pof^sessing  basic  properties,  the  absence  of  nitrogen  is 
attended  with  properties  of  quite  a  different  nature. 

Dr.  Hofmann,  whose  most  valuable  researches  on  the  nature  of  the  vege- 
table alkalies  have  added  so  much  to  the  number  of  these  bodies,  proposes 
to  designate  them  by  terms  constructed  out  of  those  which  signify  die  hydro- 
carbons present  in  each. 
Thus  Aniline  being  denoted  by  NH 

H 
O*  H%  will  be  phenylamine; 

Ethylaniline NH 

C*  H» 

C>«  H»,  will  be  ethylophenylamine ; 

Methylaniline NH 

C«  H« 

C^^  H^,  will  be  methylophenylamine ; 
and  when  all  the  three  atoms  of  hydrogen  are  replaced,  we  should  be  com* 
polled  to  adopt  words  of  the  truly  formidable  length  of  methylethylophenyl- 
amine. 

I  would  suggest  to  the  distinguished  author,  who  amidst  the  herculean 
labours  of  unravelling  these  intricate  combinations,  may  have  wanted  time  to 
bestow  upon  ik>  subordinate  a  point  as  their  nomenclature,  whether  his  names 
may  not  be  conveniently  abridged  by  using  only  the  first  syllable  of  that  ex- 
pressive of  the  organic  radicals  which  replace  the  hydr<^en  atoms. 
Thus  let  meih  stand  for  methyl, 

eih ethyl, 

am amyl, 

chl* chlorine, 

br ,, , bromine, 

nitr nitric  acid, 

pke   phenyl ; 

adding  in  the  five  former  cases  to  the  end  the  next  vowel,  when  the  succeed- 
ing syllable  begins  with  a  consonant,  and  in  the  last  the  next  consonant,  when 
the  succeeding  syllable  begins  with  a  vowel. 

In  this  manner  it  will  rarely  happen  that  the  number  of  syllables  of  which 
the  word  consists  can  exceed  six,  as  will  be  seen  by  the  following  table : — 

SjfmboL  Common  Name,  HqfnutmCt  Name.  Jbbretiaiionpropoeed, 

H 

H         ^N  ...  Aniline  Phenylamine Phensmine. 

C"  H«  ' 

H 
H 
C"  H< 


N ...  Ghlorsniline  ChlorophenylanuDe    Chlophenamine. 


*  Some  msy  prefer  the  abbreviation  chlor  for  chlorine,  and  brom  for  bromine.  This 
change  however  will  involve  the  use  of  an  additional  syllable,  whenever  the  next  sabatance 
expmsed  begins  with  a  consonant :  thus  chlophenamine  would  be  dilorophenamine,  hrophe- 
namine,  bromophenamine,  &c.  The  advantage  in  point  of  perspicuity  will  therefore  have  to  be 
balanced  against  the  inconvenience  of  increasing  still  further  the  length  of  words,  often  of 
necessity  extended  ah-eady  to  the  limits  of  ready  utterance.  When  however  nitroui  acid 
is  the  replacing  body,  the  introduction  of  a  second  syllable  to  indicate  its  presence  cannot 
well  be^avoided,  for  m  alone  might  stand  for  sevend  other  substances. 
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%mM  Cmmnoii  Nwme,  *     Hq/numn's  Name.  Abbrmriaiio  propoied. 


C»  H*  fN . 
Br»J 

H        1 
NO*  J 

H        1 
H        U 

C*  H»J 


.  Bronuuilline  *.*  Bromophenylamine  t«tt*«.*.«««  Brophenamiiie. 


Nitraniline     NitrophenyUmine Nitroph 

...EtbyUmune    EthylammoniA   Bthamine. 

,N...  EthyUuiiUne  EthylopbenylamiDe  Ethypbenamiiie. 

» N  •• .  Methylaiiiline    Metbylophenylamine    Methypbexuunine. 


H 

C*  H« 
C"HV 
H 

C«  H» 
C"H»J 

^        1 

C^H"  VN ...  AmyUiuline   Amylopbenylamine  Araypbenamme. 

C»H»J 
H 
^  5^  In  ...  Etbylochloraniline    ...  Ethylocblorophenylamme    ...  Etbycblophenamiiie. 
Cl>J 
H 

nu  H^  r^  '*'  ^^liylob'^o'umiline    ...  EtbylobromCpbenyUmine    ...  Etbybropbeiiaiiuiie. 
BH 


.  !■ 

C*  H'In 

c»  H*  r 

HO«J 

c«  h»1n... 

C«  H«J 

c*  h»In... 

C»H»J 


.  Etfaylonitnuiiliiie  EthylonHropbenylainiiie  EthynipbeBamine. 


C»H"1 

C»H" 

C»H» 


Diethylamme    DietbylammonU Diethymine. 

DietbybmOnie  Dietbybpbenylainme   Diethyphwrnuie. 

»N ...  Metbyletbylaniline   ...  Metbyletbylopbenylamine    ...  Metbethypbenamine. 
N ...  Diamylaniline  Diamylopbcnylamine    Diamypbenamine. 


(;*Hi>  vN  ...  EtbylamylamUne  Etbylamylopbenylamine  Etbamypbenamine. 

..  DiethylocMoraiiiline ...  Dietbylocbloropbenylamine ...  Diethycbtophftnammfti 


c«  h»In. 

C«  H»J 


.  Triethylamine    Trietbylammooia  Trietbamiiie. 

If  we  restrict  the  termiaation  (Mmine  to  the  alkalies  artificially  produced  by 
leplaciDg  one  or  more  of  the  hydrogen  atoms  of  ammonia  with  a  hydro- 
cvbon,  and  retain  ^t  of  ine  for  those  resulting  from  natural  prooessesi  and 
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only  ellmliifttad  by  art,  we  tlitll  mark  in  this  maniMr  die  dialliietion  ImNtmi 
bodies,  which  though  often  iaomeric  are  not  identicaL 

Thui  the  compound  artificially  produced,  which  consiats  of  NH 

C*  ™ 
€••  H», 
may  be  called  mel^phenamine ;  whilst  the  principle  extracted  from  oil  of 
toln,  which  is  found  to  have  the  same  oomposition,  may  letaia  its  mine  of 
tohidine.      The  dissimilarity  in  properties  between  these  isomeric  bodia 
renders  a  different  name  for  the  two  indispensable. 

Analogy  therefore  might  perhaps  lead  us  to  assign  to  Fownes's  aitifical 
alkali,  furfurine,  the  name  of  furfuramine,  although  its  composition  it  moN 
complicated  than  that  of  Hofmann's  alkaioidi^  as  it  contains  ozyges 
(C»oN«H'*0«). 

No  such  change  would  be  warrantable  in  the  names  of  bodies,  like  kreitiae, 
kreatinine,  thialdine,  &c^  which,  even  if  entitled  to  their  present  designstioDi, 
as  they  contain  nitrogen,  and  the  two  latter  at  least  possess  decided  bssie  pro- 
perties, bear  little  resemblance  to  the  vegetable  alkaloids,  and  can  neitfaerbe 
referred  to  the  class  of  amides,  according  to  the  old  theory,  nor  yet  be  retolv^d 
into  substitutions  of  hydrocarbons  for  bydn^en,  agreeably  to  the  viewi  of 
Hofmaon. 

But  how  are  we  to  deal  with  bodies  which,  like  axamides  InoxamiA,  &Cn 
though  artificially  produced  in  the  same  manner  as  the  bodies  we  hare  ben 
considering,  do  not,  nevertheless,  possess  alludine  properties?  For  them 
I  would  propose  to  retain  the  received  name  of  amides;  only  as  the  distio^ 
tion  between  amides,  imides  and  nitriles»  seems  now  to  point  to  an  exploded 
theory,  it  would  be  better  to  extend  to  them  the  same  principle  of  noioeo- 
dature  as  that  adopted  by  Dr.  Hofmann,  namely,  that  of  calling  the  com- 
pound in  which  2  atoms  of  benzoyle  are  substituted  for  2  of  hydrogen,  dq^ 
as  Laurent  has  done,  beniMiidle,  but  dibenxoiMtiJ^;  and  if  one  werediseorend 
in  which  S  atoms  were  so  introduced,,  to  name  it  tribenzomidSs,  and  ao  witk 
the  rest 

Mr.  Robson,  indeed,  in  a  late  oommunioation  to  the  Chemical  Sootetf»  ^ 
already  pointed  out  a  compound  which  he  terms  dibenzoylimide,  butthhui 
the  composition  of  C««  H"  NO,  or  NH»+2C"  H»0«.  It  is  therefore  « 
ammoniaoal  compound  of  benioyle,  and  not  an  amide.  , 

Some  chemists  have  adopted  a  still  more  abbreviated  form  of  expressioD,  Vf 
attaching  the  termination  am,  with  the  name  of  the  combining  body  pie^^ 
to  indicate  such  compounds. 

Thus  benzidom  has  been  used  to  designate  aniline ;  melom  for  the  eoof 
pound  of  anmionia  with  mellon,  in  the  proportion  of  three  of  the  former  to 
two  of  the  latter.  Nothing,  however,  is  gained  in  point  of  convenience  oj 
adopting  the  former  term,  in  compensation  for  the  confusion  which  ilB  ^ 
would  introduce;  for  phenamine  is  as  concise  a  term  as  benaidam,  and c^ 
tainly  more  euphonious ;  but  melam  belongs  altogether  to  another  s^f^ 
since  in  it  the  mellon  does  not  replace  the  hydrogen  atoms  of  ammonili  Dw 
unites  with  anunonia  as  such,  in  Uie  proportion  of  2  to  3 : — 
Benzidam,  NH  Melam,  NH  -i 

H  hI+C«H* 

C»«H*  Hj 

NH-i 

hL+c«h* 

HJ 
NH-i 
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LftnueBt  hm  propoiecl  to  giTO  the  terminatioti  m  to  thote  bodies  whieh  art 
fonned  from  a  hydrocarbon  by  the  tubetitation  of  some  element  for  one  or 
more  of  the  hydrogen  atoms  present  in  the  original  eompound.  To  these 
letteis  he  prefixes  one  or  other  of  the  yowels»  aoeordiag  to  the  number  of 
atoms  so  replaoed>  a  being  used  when  only  1  atom  of  the  new  ingredient  if 
flntrodnoedy  s  when  S  atoms,  t  when  S,  and  so  on,  till  the  whole  number  of 
Towels  is  exhausted;  after  which  the  series  recommences  by  prefixing  the 
syllaUe  oi  to  the  YoweL 

Thusy  from  naphthaline,  C^  H^,  he  derives, — 

Chlom^hthase  C«  H^  CI, 
Chlomaphthese  C*  H^^  CS 
Chlomaphthbe  C«  H^  C^  and  so  on  i  but 
Chlomaphthalese  is  C«  H«  Cl^ 

Other  refinements  upon  this  mode  of  nomenclature  are  proposed  in 
M.  Laurent's  rarious  papers,  and  well  deserve  ibe  attention  of  those  who 
foUow  up  similar  tracks  of  research. 

The  termination  al  has  been  appropriated  to  combinations  into  which 
aldehyde  enters  as  a  constituent,  or  which  are  derived  from  that  body.  It 
may  be  right,  however,  to  point  out,  that  many  substances  bound  together  by 
a  very  loose  analogy  are  thus  embraced. 

Thus  chloRi/  is  aldehyde  in  which  the  3  hydr<^en  atoms  are  replaced  by 
S  of  chlorine.    C*  »  0+HO  becomes  C^  CI'  0+HO. 

Aoeto^  on  the  contrary,  is  aldehyde  united  with  oxide  of  ethyl. 

C«  Hs  01  aldehyde 
OH»0>  oxide  of  ethyl 
H'  O'  water 

C*H(»0«acetal 

whilst  the  analogous  compound  of  aldehyde  with  ammonia  is  called  simply 
aldehydammonia. 

The  term  sfAons,  in  like  manner,  comprises  compounds  of  which  ether 
forms  a  part ;  but  it  should  be  oonfiined  to  those  into  which  an  acid  does  not 
epter  as  ii  constituent,  since  in  the  latter  cases  the  nomenclature  of  the  salts 
Bunr  be  preferable. 

Thus  MnsrtfliM  may  be  retained  as  the  name  for  a  oompound  of  urea  and 
carbonic  ether,  or  the  carbonate  of  oxide  of  ethyl,  its  composition  being— 

Uiea. C*H*0»N* 

9  Carbonic  ether. .  C^o  H»o  O^ 

C»«H»*0«N« 

But  it  would  seem  better  to  designate  the  substance  called  oxametbane,  by 
ibe  term  oxamate  of  oxide  of  ethyl — 

Oxamie  acid. .  C«  H«  Ni  0« 
Ether    C^  H»      0> 

C8  Rf  N»  0« 

and  oxamethylane  by  that  of  the  oxamate  of  oxide  of  methyl. 

In  this  manner  we  shall  also  avoid  the  confusion  that  may  arise  between 
names  so  related  as  oxamethylane  and  oxametbane,  the  former  indicating 
the  oxamate  of  methyle,  the  latter  that  of  ethyle. 

I  am  unable  to  attach  any  definite  meaning  to  the  termination  an,  by 
which  certain  organic  compounds  connected  with  urea  are  now  designated. 

Alloxan,  one  of^  them,  is  regarded  as  an  acid,  the  ery thric  of  BrugnatellL 
Mfrann  «ay  prcbably  b#  a  salt  of  c^anosaUo  acid  aod  ammonia ;  but  not- 
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withstanding  the  researches  of  Liebig  and  Wohler,  the  true  rdatioos  of  their 
bodies  one  to  the  other  still  i^pear  obscure. 

The  termination  one  appropriately  denotes  bodies  formed  from  vegeteUe 
acids  by  the  abstraction  of  1  atom  of  carbonic  acid,  and  should  be  reserved 
for  this  same  description  of  bodies ;  but  the  use  of  the  analogous  tensimtioii 
ofe  for  those  formed  by  the  abstraction  of  2  atoms  of  carbonic  acid  fromtlie 
same  may  be  apt  to  cause  some  ambiguity.  Thus  we  use  the  terms  beiunii^ 
phenol,  and  anisoiie,  as  being  derived  respectively  from  the  benzoic,  saEey- 
licy  and  anisic  acids. 

Benzole C«  H«      +  C«  O*  forming  benzoic  acid  C»*  H«  0*. 

Phenole  . . .  C»*  H«  0«  +  C«  O^       „       salicylic    „    C»*  H«  0». 
Anisole C»*  H«  0«  +  C«  O*       „        anisic       ,.    C>«  H«  0«. 

But  unfortunately  the  same  termination,  or  one  so  similar  as  to  be  eif2j 
Confounded  with  it,  has  been  applied  to  bodies  of  an  entirely  different  oob- 
position,  in  order  to  indicate  that  they  belong  to  the  class  of  oils.  Thus  bat- 
zoiW  is  the  name  given  by  some  to  the  essential  oil  of  bitter  almonds; 
cinnamo/  to  the  oil  of  cinnamons,  and  so  with  the  rest. 

It  would  seem  better  that  these  latter  names  should  be  abandoned,  tod 
that  the  termination  ole  should  be  applied  only  to  bodies  formed  in  the  suae 
manner  as  benzole  and  its  analogues. 

The  above  remarks  and  suggestions  in  relation  to  the  classificBtioii  nd 
nomenclature  of  organic  compounds^  crude  as  they  may  appear  in  the  eyei  of 
chemists  more  thoroughly  versed  in  the  subject  than  myself,  will  not  be 
altogether  thrown  awav,  if  they  only  serve  to  stimulate  others  to  make  it  the 
subject  of  their  consideration,  and  thus  lead  to  the  establishment  of  more 
precise  and  convenient  terms  of  art  Some  indeed  may  object  that  the  whole 
of  this  department  of  chemistry  is  at  present  in  a  transition  state,  and  cobk* 
quently  that  no  fixed  rules,  for  classifying  or  naming  the  various  prododi 
that  present  themselves  to  us  whilst  investigating  it,  can  as  yet  be  laiddof& 
But  the  fact  is,  that  we  are  compelled,  whether  we  will  or  no,  by  the  veiT 
necessity  of  the  case,  to  adopt  a  certain  system  of  nomenclature  whene?era 
new  body  comes  before  us,  and  the  only  question  is,  whether  this  syiieB 
shall  be  consistent  with  itself,  and  shall  convey  a  correct  impression  of  ^ 
relation  in  which,  at  the  time  of  its  discovery,  we  suppose  the  body  to  staod 
with  reference  to  others. 

It  has  been  my  endeavour,  in  the  preceding  remarks,  to  point  out  what 

appear  to  me  to  be  the  views  which  have  guided  the  most  eminent  chemietl 

/  authorities  in  the  names  they  have  thought  proper  to  impose,  and  thus  rathff 

to  give  expression  to  their  ideas,  than  to  advance  any  theories  or  methods  of 

my  own  invention. 

I  would  however  submit  to  the  chemists  here  assembled,  whether  the  wilit 
of  precision  which  has  been  shown  to  exist  in  the  application  of  those  prin- 
ciples of  nomenclature  to  particular  cases,  does  not  suggest  the  expediency  of 
having  the  whole  subject  brought  under  revision  by  this  Section,  or  bf « 
Committee  appointed  by  it,  and  of  having  certain  definite  rules  laid  down  by 
their  joint  authority,  in  conformity  with  the  usage,  and  in  accordance  with 
the  understood  principles,  of  those  great  masters  of  chemical  science  to  iHiom 
we  all  look  up  in  deference. 

In  the  mean  time,  I  will,  in  conclusion,  submit  to  the  Section  the  fewM' 
lowing  directions,  as  calculated,  in  my  humble  opinion,  to  simplify  thenomeih 
dature  of  organic  compounds,  and  therefore  as  worthy  of  adoption,  at  lent 
provisionally,  in  order  to  render  it  more  expressive  and  perspicuous. 

1st  That  in  the  case  of  bodies  only  known  to  be  produced  bf  MtiAcU 
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prac€8ae«,  Dames  sbould,  if  possible,  be  given  them  by  putting  together  tenns 
expressive  of  the  several  constituents  which  contribute  to  form  them ;  but  as 
BO  name  ought,  for  the  sake  of  convenience,  to  exceed  in  length  six  or  seven 
syllables,  the  iirst  syllable  only  of  the  word  indicating  each  component  part 
should  be  introduced  into  that  of  the  compound  designated. 

This  principle  I  have  endeavoured  to  carry  out,  in  the  modifications  pro* 
posed  for  the  names  given  by  Hofmann  to  the  various  substances,  produced 
by  him  through  the  replacement  of  atoms  of  hydrogen  by  hydrocarbons. 
The  necessity  for  such  abbreviations  will,  I  conceive,  be  the  more  felt,  now 
that  in  the  further  prosecution  of  his  researches  no  less  than  4  atoms  of 
hydrogen  have  been  so  replaced  "*". 

2nd.  When,  owing  to  the  complicated  nature  of  the  body  discovered,  or  to 
the  obscurity  that  hangs  over  its  real  nature,  it  seems  impracticable  to  name 
it  on  the  plan  above  proposed,  a  word  expressive  of  some  obvious  and 
marked  physical  or  chemical  character  should  be  selected,  and  one  whose 
Greek  or  Latin  root  may  be  readily  apprehended. 

*  I  most  confess  myself  quite  unable  to  invent  pronounceable  names  for  such  compounds, 
if  it  be  ruled,  that  they  are  to  express,  not  merely  the  nature  of  the  constituents,  but  likewise 
the  origin  or  mode  of  formation  attributed  to  each. 

Provided  the  latter  condition  be  waved,  I  do  not  despair  of  assigning  to  them  terms  little 
more  difficult  to  articulate  than  those  proposed  for  the  bodies  described  in  Dr.  Hofinann's 
preceding  papers.  Should  the  alterations  suggested  be  regarded  as  sinning  against  any  un- 
derstood Canons  of  Nomenclature,  I  see  no  alternative,  but  that  of  discarding  names  for  these 
sew  bodies  altogether,  and  contenting  oursdyes  with  symbols  ;  for  a  word  which  cannot  be 
uttered,  whilst  it  is  in  no  respect  preferable  to  a  symbol,  is  much  less  easOy  written ;  and  such 
I  apprehend  to  be  the  case  with  some  of  the  terms  which  I  have  given  below,  and  for  whidi 
therefore,  I  venture  to  propose  the  annexed  substitutes : — 

4^111^  Hqfinann*$  Names.  Namet  wgguted* 

C«H» 

Q4  HI  \^0t  HO...  Oxide  of  Triethylophenylammonium  Oxide  of  Triethyphenine. 

C»H» 
C»H» 
C*H» 
C»H" 
CBH», 

C*H» 
C*H» 
C«H» 
C*H» 
C<H» 
C<H» 
C»Hii 

C*H» 

C^Hs 

C"H» 

C»H»' 

C«H» 

C*H> 

C»H*. 

(?H»' 

C»H» 

CiP 

C»H» 

^Qu  '^^  ^^*«*  Oxide  of  TetnusyUmmomom • ••  Oxide  of  Tetramine. 

C»HttJ 
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NO,  HO...{MetbylethylaSSi«ylammonium}-"  Oxide  of  Methamypheniiie. 

NO,  HO...  Oxide  of  Tetrethylammonium Oxide  of  Tetrethine. 

>-N0,  HO...  Oxide  of  Triethylammonium    Oude  of  Triethine. 

^NO,  HO...  Oxide  of  TriethylomethyUunmonium  Oxide  of  Triethemethine. 

»N0,  HO...  Oxide  of  Diethylomethylamylammonium...  Oxide  of  Diethemethamine. 

NO,  HO...  Oxide  of  Tetramethylammonium Oxide  of  Tetramethine. 
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Thuf  meroaptan,  kapnomor,  pittaeal,  parabanie  add,  aUophinio  eliwr, 
aeem  for  the  above  reaioDs  objectionable ;  wbikt  tuek  termf  as  iiMiioB»ci^ 
otote^  glycerine,  Ac,  are  perhaps  as  good  as  could  hare  been  fizedapoBiiBdv 
the  circumstances  for  the  bodies  so  designated* 

Srd.  That  when  the  substance  to  be  named  has  been  produced  bf  ailiiil 
processes,  and  only  eliminated  by  art,  a  name  expressive  of  ita  oiigiii  ipooiil 
seem  preferable  to  one  taken  from  its  composition. 

Hence  not  only  should  the  terms  strychnine,  nicotine,  Ac  be  itAmtdt 
but  even  toluidine,  zylidine,  and  cumidine,  although  apparently  prodoeei 
by  the  replacement  of  hydrogen  atoms,  like  the  ardficial  oompmuidi  wkkk 
Hofmann  has  discovered,  should  be  preferred  to  words  indieadve  of  Mr 
component  parts. 

4th.  That  in  general  bodies  belonging  to  the  same  class,  or  fonned  aeeisi 
ing  to  the  same  type,  should  preserve  the  same  terminatibn ;  but  that  DSf» 
theless  when  a  body,  long  recognized  and  familiariy  known  to  us,  hai  bia 
shown  to  belong  to  a  type  to  which  a  particular  termination  is  anigBi^i^ 
may  not  be  advisable  to  alter  its  recognized  and  received  appeUatioD,ioii 
to  bring  it  into  harmony  with  the  rest* 

Thus  the  term  urea  should  be  retained  unaltered,  notwithstanding  iti 
analogy  in  certain  respects  to  the  organic  alkalies,  which  have  the  tenniai- 
tion  ine  appropriated  to  them. 


On  two  unsolved  Problemi  in  LukhOerman  PfUMogy* 
By  the  Rev.  J.  W.  Donaldson,  DJ). 
The  science  of  Ethnography,  which  involves  the  arrangement  and  diia^ 
cation  of  the  different  members  of  the  human  family,  and  explains  ^ 
common  origin  and  casual  juxtapositions,  must  be  regarded  as  the  moiliV' 
portant  accession  to  systematic  knowledge  which  has  been  made  in  oortiltf* 
It  is  only  recently  that  it  has  found  a  place  among  the  subjects  of  inp^ 
suggested  to  the  British  Association ;  and  until  the  present  year  it  hsi  M9 
entrusted  to  a  subsection  only.  But  if  we  estimate  its  value  propertjf  t* 
consider  the  diversified  range  of  study  which  it  implies,  and  the  vast  QOA^ 
of  labourers  who  are  contributing  in  different  ways  to  lay  the  foundstioaifi 
this  great  edifice,  we  may  fairiy  plead  for  a  recognition  of  its  right  to  a  ftn> 
most  place  among  those  sciences  which  it  is  the  design  of  this  Assodstioa^ 
advance.  At  any  rate  there  is  no  branch  of  study  which  is  more  liMjf^ 
profit  by  the  retrospective  surveys,  for  which  an  annual  meeting  li^  "* 
present  furnishes  so  good  an  opportunity.  For  while  no  science  it  *^ 
steadily  progressive  than  ethnography,  and  while  none  more  rapidly  9» 
mulates  the  materials  of  induction,  its  encyclopedic  range,  and  the  wast  of 
communication  between  the  many  active  minds  engaged  upon  it,  e8pec^| 
necessitate  a  periodical  report  of  its  existing  state,  such  as  maj  suffice  iP^g 
dicate  what  has  been  really  effected,  and  to  point  out  the  objects  towMI 
the  attention  of  inquirers  may  still  be  most  profitably  directed.  At  »< 
present  season,  when  the  Great  Exhibition  in  the  metropolis  had  broagU  H 
our  shores  deputations  from  all  the  leading  families  of  the  Iado-Earope4 
race,  and  when  we  are  met  near  the  East- Anglian  coast,  where  Bntuo^ 
ceived  the  first  instalments  of  that  northern  colony  which  gave  a  new  u0 
to  our  island  and  ingrafted  on  our  language  its  most  charactiiristic  eUoieB^ 
it  seems  particularly  incumbent  upon  us  to  look  back  on  what  bis  t^ 


Digiti 


zed  by  Google 


ON  PROBLEMS  IN  INDO-GVBlf  AN  PHILOLOGY.  189 

Mmifod  ill  the  scientific  claaeification  of  the  race  to  which  we  belong,  tnd  to 
iodicttte  the  outlying  difficulties  which  invite  the  united  efforts  of  modern 
goiius  and  learning. 

Those  who  have  fully  studied  the  subject  will  readily  admit  that  the  great 
majority  of  questions  raised  by  the  various  writers  on  Indo-Germanic  eUino- 
graphj  have  received  satisfactory  answers,  and  that  our  general  results  rest 
on  the  solid  basis  of  scientific  certainty.  There  are,  in  fact,  only  two  pro- 
bteoM  suggested  by  this  subject  which  still  demand  an  adequate  solution—* 
the  amount  and  nature  of  the  affinity  which  connects  the  Indo-Germanic  and 
Semitic  branches  of  the  human  family,  and  the  origin  and  interpretation  of 
the  ancient  Etruscan  language.  The  difficulties  occasioned  by  the  Basque  or 
Euskarian  language  may  be  considered  as  having  received  at  least  an  approK- 
Imate  settlement,  and  it  may  be  concluded  generally  that  this  isolated  idiom 
is  due  to  a  combination  of  the  Celtic  and  Finnish  elements,  which  form,  either 
separately  or  together,  the  outer  fringe  or  hem  of  the  population  of  Europe. 
But  the  other  two  problems  still  require  a  scientific  investigation.  Indeed 
it  may  be  considered  as  the  greatest  reproach  to  modern  scholarship  that  the 
Etruscan  language  is  little  better  known  to  us  than  it  was  to  Dempster ;  and 
that  while  we  can  read  the  Cartouches  of  the  Pharaohs,  and  interpret  the 
euneifbrm  records  of  Darius,  we  cannot  come  to  any  satbfactory  result 
respecting  a  language  which  was  spoken  by  the  immediate  ancestors  of 
Mncenas,  and  which,  long  after  the  time  of  Pericles,  was  the  vernacular 
idiom  of  one  of  the  most  powerful  and  civilized  of  the  nations  of  antiquity. 
And  with  regard  to  the  Semitic  question,  it  is  scarcely  less  strange  that  we 
should  still  allow  Rabbis  and  Talmudists  to  separate  the  language  of  the 
Jews  from  that  of  the  Greeks  by  a  Chinese  wall  of  demarcation,  and  that  the 
two  adjacent  sources,  from  which  the  streams  of  EuropeaA  civilization  flowed 
until  tibej  converged  in  one  united  channel  of  religious  philosophy,  should 
still  be  referred  to  different  hemispheres,  and  should  be  thought  to  present 
indisputable  marks  of  a  diversity  of  origin. 

Having  approached  the  discussion  of  these  topics  on  various  occasions, 
and  having  surv^ed  them  from  diffbrent  points  of  view,  but  always  with  a 
tendency  to  the  same  result,  I  have  thought  that  my  best  contribution  to 
this  Meeting  would  be  such  a  general  statement  of  the  conclusions  at  which 
I  have  arrived  as  might  tend  to  facilitate  a  mutual  understanding  between 
myself  and  others  who  have  not  yet  developed  the  direction  of  their  researches 
in  the  same  field.  For  it  appears  to  me  to  be  one  of  the  most  important  of 
the  objects  of  this  Association  to  promote  the  intercourse  of  those  who  cul« 
tivate  science,  and  thus  to  substitute  a  systematic  division  of  labour  for  that 
purposeless  repetition  of  the  same  exertions,  which  is  the  natural  consequence 
of  unconnected  inquiries. 

I  have  been  led  to  include  the  two  unsolved  problems  in  Indo«Geimanic 
ethnography  under  one  head,  because  I  believe  that  one  and  the  same  channel 
of  investigation  will  conduct  us  to  the  proper  issue  in  each  case.  The  sci* 
entific  procedure,  according  to  my  view  of  the  matter,  will  show  that  the 
solution  of  both  difficulties  depends  on  a  satisfactory  definition  of  the  Asiatic 
starting-point  and  European  limits  of  the  Sclavonian  emigration.  And  I 
shall  endeavour  to  show  you  that  the  first  and  last  contacts  of  this  great 
ftumly  of  men, — the  extreme  edges  of  this  great  stratum  of  population,— ftir* 
nish  us  with  the  points  of  transition  to  the  Syro- Arabian  stock  in  general, 
and  to  the  Etruscan  nation  in  particular. 

But  I  must  begin  with  some  principles  of  universal  application,  which 
appear  to  me  to  Im  the  axioms  or  postulates  in  every  ethnological  argument, 
but  which,  I  fear,  are  not  sufficientiy  regarded  as  such.    As  the  sum  of  our 
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knowledge  hitherto  acquired  tends  to  confirm  our  instinctive  belief  and  ilfflQit 
universal  tradition  respecting  the  unity  of  the  human  race,  it  seems  leuoa- 
able  to  start  with  the  assumption  that  men  cannot  be  divided  into  loological 
genera ;  and  as  every  presumption  is  in  favour  of  this  aziomt  we  most  leave 
the  onuiprobandh  with  regard  to  any  other  hypothesis,  upon  those  who  M 
disposed  to  contradict  us.    For  my  own  part,  I  confess  I  feel  aomei^at  in- 
dignant when  I  fall  in  with  an  attempt  to  classify  men  according  to  the  ex- 
ternal peculiarities  of  feature  and  colour.    I  consider  it  a  degr»iing  theorf 
to  maintain  that  man  belongs  to  the  merely  animal  kingdom  at  all ;  snd  if  in 
other  departments  of  their  own  science  naturalists  woidd  refuse  to  place  is 
the  same  group,  whether  zoological  or  phytological,  species  whidi  were  not 
conoected  together  by  at  least  three  marks  of  essential  afSinity,  affecting  their 
absolute  definition,  I  cannot  understand  why  man,  the  only  reasoning  and 
thinking  being,  should  be  placed  by  the  side  of  those  creatures,  which  cannot 
reason  or  speak,  merely  on  the  strength  of  an  outward  analogy,  which  does 
not  in  the  slightest  degree  affect  our  distinctive  attributes.     Scientific  eth- 
nology seems  to  me  to  start  from  the  postulate  that  our  race  is  essentiaHj 
one,  and  accidentally  different.    In  many  cases,  we  can  clearly  trace  the 
causation  of  these  differences  to  the  influence  of  climate,  aliment,  and  dyi- 
lization,  and  as  they  do  not,  in  the  widest  aud  most  pronounced  form  of  dis- 
crepancy, interfere  with  the  definition  of  man>  as  such,  it  b  surely  unsdentifie 
to  make  ethnography  dependent  in  any  way  on  the  casualties  of  physical 
confonnation.     Speaking  with  reference  to  the  whole  period  of  time  wbieh 
must  have  elapsed  since  the  establishment  of  our  species  on  the  surface  of 
this  pktnet,  we  may  say  that  the  settlement  of  the  Anglo-Saxons  in  Nortii 
America  b  an  event  of  yesterday,  and  yet  they  already  begin  to  exhibit 
physical  characteristics  more  akin  to  those  of  their  neighbours  than  to  tboM 
of  their  ancestors.    Peculiarities  affecting  the  cellular  substance  and  max* 
iilary  process  may  place  an  almost  Turanian  stamp  on  a  highly  cultivate 
United  Stetes  man,  who  can  discourse  eloquently  in  the  language  of  Shahs' 
peare,  who  bears  an  English  name,  and  exhibits  in  all  his  actions  the  energy 
of  that  race  which  has  spread  its  colonies  over  the  whole  world.     Differenoea 
of  craniological  structure  and  intellectual  development  must  also  be  re- 
garded as  accidents  perfectly  consistent,  not  only  with  the  aboriginal  anil^i 
but  also  with  the  present  identity  of  men.     May  not  the  same  family  contain 
an  idiot  and  a  philosopher?     Does  not  every  family  exhibit  the  gradation 
of  helpless  infant,  thoughtless  boy,  and  mature  man  ?     It  is  surely  idle  to 
endeavour  to  classifv  the  human  race  by  distinctions  which  may  be  found  in 
the  same  household.    The  latest  book*  which  has  treated  **  the  varieties 
of  man"  as  a  branch  of  **  natural  history,"  arranges  the  population  of  the 
world  under  three  great  subdivisions :  the  McngMUB^  corresponding  mainly 
to  the  Turanians;   the  Atlantidat  induding  the  Semitic  race;   and  the 
JoyteUda,  who  are  identical  with  the  Indo-£uropeans.    Now  almost  any 
man's  experience  may  convince  him  that  hereditary  civilization  and  simihtf 
opportonities  will  place  Jews  and  Gentiles,  Mongolians  and  Indo^GennanSy 
on  a  footing  of  the  most  perfect  equally.    The  Atlantid  Toussaint  was  a 
match  for  his  Japhetic  antagonists ;  the  ^Iongolian  Kossuth  has  held  his  own 
in  European  stetesmanship ;  and  on  the  battle-field  of  Austerlitz  the  same 
military  talents  were  displayed  by  Miloradowiteh,  who  was  a  Servian  and 
therefore  of  the  purest  Indo-German  stock,  by  Bagration,  who  was  a  Geor- 
gian prince,  and  therefore  of  Mongol  extraction,  and  by  Soult,  who,  according 
to  D  Israeli,  derived  his  origin  from  the  Semitic  Jews. 
,   As  then  a  difference  of  dimato  and  aliment  is  calculated  to  prodttoe,  is 
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ike  same  race  and  within  a  limited  time,  striking  bodily  distinctions,  and  as, 
on  the  contrary,  similarity  of  culture  and  habits  seems  to  cause,  in  different 
raoesy  an  identity  of  craniological  structure  and  intellectual  development, 
it  18  clear  that  ethnography,  as  the  science  which  treats  of  the  different  fa- 
milies into  which  mankind  are  divided,  and  accounts  for  their  distribution 
orer  the  surface  of  the  globe,  cannot  be  satisfied  with  the  results  of  physio* 
logical  inve^gation.     The  comparative  anatomy  of  the  different  races  of 
men  is  not  at  all  calculated  to  explain  the  facts  of  our  science  or  to  assist 
na  in  forming  our  classification.    Interesting  on  its  own  account,  as  an  im- 
portant branch  of  pathology,  it  is  useful  to  the  ethnographer  only  as  removing 
the  difficolties  by  which  he  would  otherwise  be  encumbered.     It  is  our 
proper  basiness  to  show  why  a  nation  or  people,  having  its  own  peculiar 
modification  of  language,  came  to  be  settled  in  a  particular  locality,  and  in 
what  manner  it  is  related  to  the  contiguous  tribes.    Now  it  is  obvious  that 
there  can  be  but  four  elements  in  such  an  inquiry  as  this.    (1.)  Our  first  and 
most  important  step  is  to  examine  philologically  the  language  of  the  tribe ; 
(2.)  the  ancient  designation  of  the  people,  and  the  names  of  persons  and 
places  within  the  district,  furnish  us  with  additional  materials  of  the  same 
kind ;  (S.)  the  knowledge  thus  acquired  is  to  be  compared  with  any  historical 
traditions  which  may  be  available;  and  (4.)  the  final  test  is  supplied  by  phy- 
sical or  descriptive  geography.     To  take  a  simple  and  easy  example :  the 
district  called  Hungary  is  mainly  occupied  by  the  Magyars,  who  are  distin- 
guished by  their  language  from  the  German,  Sclavonian  and  Wallachian 
tribes  with  which  they  are  intermixed.    It  is  by  their  language  that  we  per- 
ceive their  ethnical  identity  with  the  Laplanders  of  the  North  and  with  the 
Bashkirs  of  the  South.    The  names  of  their  nobles,  of  their  cities,  and  of 
their  rivers  and  plains,  show  to  what  an  extent  they  have  superseded  or 
yielded  to  conterminous  influences.     Their  history  gives  a  distinct  account 
of  their  immigration,  and  the  geographical  conformation  of  the  country  which 
they  occupy  shows  how  they  originally  entered  it  by  the  outlet  of  the 
Danube,  and  how  their  ulterior  development  was  controlled  by  natural  ob- 
stacles.    The  same  process  might  be  applied  in  every  case ;  and  thus,  while 
the  fiicta  are  established  by  a  philological  investigation  of  the  language 
spoken  and  of  the  names  imposed,  these  facts  are  explained  and  accounted 
for  by  the  results  of  our  historical  and  geographical  knowledge.    If  we  desire 
to  ascertain  the  origin  of  any  branch  of  the  great  human  family,  this  is  the 
only  course  which  we  can  pursue,  and  if  we  have  access  to  all  four  sources 
of  information,  the  result  is  safe  and  satisfactory.    It  rarely  happena  that  any 
further  light  is  derived  from  the  observation  of  physical  peculiarities.     Ex- 
cept as  an  evidence  of  hereditary  descent,  within  narrow  limits  and  without 
the  operation  of  climatologic  peculiarities,  an  appeal  to  physiology  is  super- 
fluous.   If  ethnography  can  solve  the  problems  which  it  underttJces,  it  must 
do  so  without  the  aid  of  the  anatomist,  and  we  should  only  complicate  our 
difficulties,  if  we  allowed  the  precarious  and  casual  to  take  the  place  of  that 
which  is  a  proper  and  essential  element  in  our  inquiries. 

Under  these  circumstances,  we  cannot  too  soon  relinquish,  as  unscientific, 
the  attempt  to  classify  mankind  by  the  accidents  of  physical  conformation. 
Differences  of  race  are  not  regulated  or  explained  by  differences  in  the 
pteietal  diameter  of  the  cranium,  or  in  the  maxillary  process,  or  in  the  pelvis, 
any  more  than  by  varieties  in  the  colour  of  the  hair  and  skin.  To  separate  men 
into  different  groups  according  to  their  outward  distinctions,  which  do  not 
affect  the  essential  characteristics  of  our  race,  is  not  less  puerile  than  the 
primd  facie  classification,  which  gives  rise  to  the  earliest  nomenclature  in  the 
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natural  history  of  lower  animalf.  There  some  one  prominenl  qvalhj  ■ 
grasped  by  the  mind,  and  an  attributiye  noan  is  formedi  whieh^  so  ftrfm 
defining  the  species,  is  often  equally  applicable  to  animals  of  the  mostdiffsnuk 
genera.  We  smile  when  we  are  told  Uiat  the /ox,  the  ttoatf  and  ths  MiVi 
are  designated  in  Old  English  by  a  common  name  referring  to  the  wideMa 
of  the  t^L  But  surely  this  is  only  the  same  process  as  that  which  iodMtt 
US  to  distinguish  the  human  race  into  great  families  by  a  reference  to eHonl 
characteristics,  many  of  which  may  l^  exhibited  by  the  different  menbM 
of  the  same  family,  and  all  of  which  may  exist,  at  least  in  approzimats  fonsi^ 
in  members  of  the  same  national  tribe.  Scientific  classification  ought  to  be 
regulated  by  the  most  advanced  results  of  our  knowledge^  and  notbjtlie 
vague  impressions  resulting  from  our  first  cursory  obsenrations.  laperfNt 
science,  like  imperfect  manhood,  dwells  upon  differences  long  befors  it  as 
perceive  resemblances.  It  is  the  business  of  the  matoied  intellect  to  M 
the  common  element  by  which  chisses  are  linked  together,  and  to  sdhordisili 
the  multiform  exterior  to  the  unity  which  reigns  within.  If  this  is  tn»  ii 
all  cases,  it  is  so  especially  when  we  have  to  do  with  man,  whose  mviU 
definition  is  independent  of  his  external  frame.  The  instinct  which  eonrisM 
ns  that  our  race  constitutes  one  family,  dispersed  indeed  by  emignliooi  W 
connected  with  one  home  by>  common  pedigree,  is  confirmed  by  all  aotta* 
ible  knowledge^  and  it  seems  that  no  ethnographical  claseiflcation  enbi 
permanently  satisfactory,  unless  it  recognises  this  primeval  unity,  and  eoi* 
trasts  it  with  the  subsequent  process  of  separation  and  dispersion.  Ai  the 
evidences  furnished  by  language,  tradition,  and  physical  ge<^p«phy  sU  fMflt 
to  Armenia  as  the  first  cradle  of  the  human  race,  it  would  seem  to  be  ■€§( 
scientific  to  contrast  the  original  nucleus,  which  formed  itself  in  this  tegioBf 
and  more  gradually  expanded  itself  in  massive  outpouringe^  with  ths  M^ 
tered  offshoots  which  were  always  dispersing  themselves  in  scanty  strsMSfrf 
restless  wanderers.  We  shall  thus  find  two  great  subdivisions  of  the  pops* 
latioti  of  the  world — the  central  and  the  tponMc*  The  former  will  isdMi 
the  Indo^Germanie  race,  which  extended  itself  firom  Jrka  to  India  oo  dtt 
one  side,  and  on  the  other  side  peopled  the  whole  of  Europe :  and  the  SmUi 
race,  which  after  having  reached  the  highest  pitch  of  civilization  ia  Sjiib 
and  Egypt,  pushed  forward  its  undulations  of  decreasing  intelligence  iin«  it 
had  covered  the  whole  of  Africa.  All  the  rest  of  the  world,  the  north  aii 
east  of  Asia,  America,  and  the  intervening  wlands  are  peopled  by  branebei  rf 
the  sporadic  race,  more  or  less  connected  with  the  Eastern  or  Iranian  grot^ 
Among  the  various  advantages  of  this  classification,  I  may  mention  that  it  Mt 
only  represents  the  present  results  and  obvious  tendencies  of  our  reiesrehWi 
but  is  also  conformable  to  our  daily  experience.  For  the  worid  is  still  bat  JKf 
tially  peopled,  and  still  exhibits  itself  as  a  central  mass,  sending  forth  ip^ 
radio  ramifications  of  colonies.  And  even  if  we  were  to  discover  rem* 
much  more  convincing  than  any  which  have  as  yet  been  produced^  in  ^^"^ 
of  the  Polyadamism  of  our  race,  nothing  can  alter  the  fact  that  there  hasbsa 
a  centre  and  starting-point  of  human  civilization,  and  that  the  cradle  of  tke 
Semitic  and  Indo-  Germanic  families  has  sent  forth  those  tribes,  whose  Mirf 
is  that  of  the  world. 

However,  it  is  not  my  purpose  on  the  present  occasion  to  pursue  thtft 
general  reasonings  any  farther.    I  may  be  content  to  refer  to  what  I  hvrt 
elsewhere  written  on  the  subject.     And  I  shall  proceed  at  once  to  nj  <** 
mediate  object,  namely,  to  the  indications  of  the  important  eaodudcm  J 
dedttoible  from  a  more  accurate  survey  of  the  first  and  last  oontacti  of  tki  I 
Sdavoolans. 
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It  cm  teuoely  be  necessary  to  trouble  this  Association  with  prolix  details 
rvpecting  the  Indo-Germanic  family.  For  the  sake  of  method  and  clearness^ 
howeYer»  I  most  recapitulate  the  main  facts  of  the  case« 

The  diistrict  called  /nln,  which  we  must  regard  with  filial  respect  as  the 
birthplaoe  of  our  race,  and  with  lively  political  interest  as  the  western 
limit  of  our  eastern  empire^  may  be  defined  generally  as  the  plateau  which 
is  bounded  hj  the  sea  on  the  south*  and  by  the  Tigris,  the  Oxus,  and 
the  Indus  on  the  other  three  sides.  These  great  rivers  are  however  only  a 
part  of  the  fences  by  which  it  is  enclosed  on  the  land  side.  On  the  north  the 
Caspian  and  And  seas,  together  with  long  ridges  of  mountains,  the  offiihoots 
of  the  Himalayas,  form  a  cordon  more  or  less  difficult  of  transit  And  to 
the  east,  more  than  one  rocky  range,  now  advancing  to  the  Indus,  now 
leoeding  fnmi  it»  and  penetrated  only  by  passes  white  with  the  bones  of 
daoghtered  armies,  stand  fast  as  a  natural  wall  not  eauly  surmounted  by 
those  who  would  sally  forth  from  the  Sindian  plains. 

Within  these  limits  sprang  up,  side  by  side,  the  difibrent  members  of  that 
great  Inuiiaa«or  Jndo^erman  race,  with  the  subdivisions  of  which  I  am  now 
coooeroed.  One  band  after  another  of  hardy  and  enterprising  emigrants 
SM^ped  from  the  comparatively  narrow  limits  of  this  plateau,  and  carried 
their  high  courage  and  intellectual  capabilities  to  be  strengthened  and  in« 
ersased  under  the  bracing  influences  of  the  climate  of  Europe.  Among 
themselves  and  within  the  limits  of  IrAn  they  were  known  by  different  names, 
just  as  brotheiB  are  distinguished  from  brothers;  they  had  also  marked  di* 
itinctioDS  of  moral  and  speculative  qualities,  just  as  the  children  of  one  parent 
may  differ  from  one  another  in  these  respects*  According  to  their  different 
charaeteristiea  were  their  different  destinies,  which  they  have  all  fulfilled 
aeoordii^  to  the  Original  pattern. 

Omitting  the  deeert  interior  of  the  Ir&nian  plateau,  we  may  divide  its  an- 
cient popubtton  into  the  four  following  groups :  the  Persiam  or  Oermaman$ 
who  Umtted  on  the  Persian  Oulf  and  Sea  and  looked  towards  Arabia ;  the 
Mtdei  or  MaikuUf  who  extended  from  the  Caspian  until  they  reached  the 
Psniail  borders;  the  SaecBy  who  extended  from  Khorassan  to  Bokhara ;  and 
the  Arianif  who  spread  themselvea  ftrom  Hinduh-kuh  over  the  mountains 
which  look  down  upon  the  Indus  and  its  tributaries.  It  is  the  consistent 
muh  of  all  ethnographic  speculations  that  the  conquerors  of  the  Punjab  and 
Hbdcstan,  to  whom  we  owe  the  Pali  and  Sanscrit  languages,  belonged  to 
this  hM  branoh  of  the  Iranian  stock;  and  it  is  equally  clear  that  the  di* 
itinetive  elementa  of  the  population  of  Europe  are  traceable  to  the  other 
tbee  iNnanehee. 

The  Turanian  and  Celtic  racesy  to  whom  we  undoubtedly  owe  the  first 
beginnings  of  the  population  of  Europe,  have  been  extruded  to  the  uttermost 
psrts  of  the  oontinent,  and  are  so  overruled  by  and  intermixed  with  suIm 
lequent  importations  of  ethnical  ingredients,  that  they  may  be  and  usually 
are  omitted  in  a  general  survejr  of  die  Indo«Germanic  race«  Indeed,  if  we 
ascpt  the  comparatively  modem  settlements  of  the  Ugro«Tatarians  in  Hnn« 
|arj,  and  of  the  Turco-Tatarians  in  Macedonia  and  Greece,  we  must  divide 
the  whde population  of  Europe  into  three  and  only  three  classes  '"the  Stkt* 
vM^oiM, whom  we  will  call  A ;  the  Low^Germanst  QiHh$  or  /SbsMMW,  B|  and 
^B^GgnmiMj  or  Hermkncnes^  C.  Of  these  it  is  clear  that  class  A  en*' 
t«ed  Europe  first,  and  that  throughout  the  greater  part  of  the  district  where 
it  is  now  found,  it  escaped  all  mixture  with  the  subsequent  bands  of  emi« 

Snnts  Ami  Irdn*    In  ancient  Greece  and  Italy  the  fusion  in  different  pro« 

PortioBs  of  A-f  C  and  A-f  B  gave  rise  to  the  Pelasgo-Hellenio  and  Peksgo* 

^■^fariaa  laees^  and  a  similar  mixture  of  A+B  in  the  north  of  Europe 
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oonitituted  the  LithatDitn  people.  Among  the  Teutooic  tribes  there  are 
frequent  compounds  of  B  and  C,  but  the  Scandinavian  tribes  exhibit  Che 
Low*Germans,  or  class  B,  in  the  purest  form.  It  is  the  intention  of  the 
following  pages  to  use  the  distinction  between  the  Scandinavian  and  pare 
Sclavonian  languages  for  the  purpose  of  resolving  into  its  separate  eleaieots 
tJie  Italian  compound  of  the  two  which  has  caused  so  much  difficulty  to  phi- 
lologers.  But  in  the  first  place  I  must  consider  the  Asiatic  contacsts  of  the 
Sclavonian  race,  and  the  problem,  which  is  suggested  and  solved  bj  these 
juxtapositions. 

Scbafarik  has  shown  that  the  eariiest  names  under  which  the  Selavoiuaii 
race  is  recognised  in  Europe  are  the  appellation  of  Wendi^  Wmden^  0.-H<0. 
WifUddf  A.-S.  FwHodoi^  which  was  given  to  them  by  their  German  n^gfe« 
bours,  and  the  title  of  Servians^  Saifs^  Sarbgf  which  they  bestowed  npoB 
themselves.  It  is  of  no  avail  for  the  purposes  of  ethnography  to  examine 
the  name  which  this  race  received  from  their  neighbours,  but  it  is  intereatiBg 
to  inquire  why  thev  called  themselves  Servumt.  From  a  comparison  of  the 
forms  Sermende^  i^trmtdi,  with  others  in  which  the  b  is  changed  into  m, 
Grimm  (Geach*  d,  deuUchen  Spraehe,  p.  172)  is  disposed  to  recognise  the 
root  Senk"  in  the  name  of  the  ancient  Sarmatiam,  I  consider  this  latter 
word  as  a  compound,  and  shall  discuss  its  meaning  by  and  by.  Schafarik,  who 
does  not  now  admit  the  Sclavonian  affiniyes  of  the  Sarmatians  (^Siawiseke 
AjUerAumer^  i.  p.  333,  seg.  ed.  Wuttke),  connects  the  ethnic  name  Servkm 
with  the  RQSS.p(uerb=pHer9priviffnuSi  FoL pasierb,  which  he  identifies  with 
patiorek,  pasterka  siprivignust  the  i  in  the  latter  being  an  arbitrary  insertion, 
as  in  sijybro  for  trSro^siargmtum^  drc,  so  that  ptt-ser-b  and  pa^9er4t  difler 
only  in  the  formative  affix,  and  the  two  words  fall  into  an  equality  with  one 
another  and  with  the  Sanscr.jNuer=Dtter,  Pers.ptf«er,  Pehlevi  poBer^  At, 
The  root  then  is  that  of  the  Sanscr.  su^generaret  and  the  meaning  of  the 
ethnical  name  Serb  is  merely  *^  nation  geM^  after  the  analogy  of  the  term 
DeuUch,  ThioHsh,  derived  from  the  Gothic  thidda=gens  (Slaw.  Atierth.  i. 
p.  178-180).  This  appears  to  me  very  vague  etymology,  and  I  have  no  he- 
sitation in  proposing  another  derivation,  which,  though  it  ultimately  falls 
back  on  the  same  root,  presents  it  under  a  special  form  and  not  in  a  mono- 
syllable, which,  as  Grimm  says,  might  be  the  mother  of  every  word  beginning 
with  the  letter  #.  The  old  gloss  of  the  Mater  Verborum,  published  by 
Schafarik  and  Palacky,  in  Die  dliesien  Denkmdler  der  Bohmischen  «SJpnao&e, 
contains  the  following  definition,  p.  225  [303]  :  **  Sr*biy  Sarmate  «Mt  turn 
diet!  a  serendo  i.  quasi  eirbnUn."  Now  the  eariiest  notice  which  we  have 
respecting  the  Sclavonians  is  the  statement  of  Procopius  (J&.  Goih.  iii.  c  14. 
p.  498)  that  their  ancient  name  was  2ir^poi,  which  he  refers  to  the  fact  that 
they  were  aropd^rjy  SuvKtivtifjiiyoi.  We  cannot  doubt  that  Siropos  involves 
a  metathesis  of  the  genuine  Serb  or  Sorb,  and  it  is  equally  obvious  that  this 
metathesis  was  occasioned  by  a  wish  to  make  the  word  correspond  in  Greek 
to  the  meaning  which  Procopius  had  heard  attached  to  it.  But  there  is  no 
reason  whatever  for  supposing  that  the  metaphor,  involved  in  the  Greek 
adverb  and  in  the  name  of  the  scattered  islands  of  the  ^gean,  was  also 
common  in  the  old  Sclavonian  idiom.  On  the  contrary,  the  analogy  of  other 
Sclavonian  gentile  names  would  show  that  the  word  would  designate  them 
by  their  employment,  or  by  the  physical  features  of  the  locality,  and  that 
they  might  be  called  '<  sowers,"  t.  e.  "  agriculturists,*'  as  occupiers  of  the 
plains,  in  contrast  to  their  neighbours,  just  as  the  Charwats  got  this  name 
from  being  mountaineers,  and  just  as  the  Pomeranians  were  so  called  from 
living  on  the  sea.  Thus  the  name  Serb  will  correspond  in  effect  to  that  of 
Pokt  the  latter  denoting  the  plains  in  which  the  agrioulturists  w«re  settled, 
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and  the  former  indicating  their  usual  occupation.  The  name  Sciavonian^ 
Skw-jancy  Slow-jene^  has  generally  been  derived,  either  from siawa,  'glory/ 
andso  considered  as  synonymous  with  slawetnj^gloriosU  laudaJbiles,  celebres, 
or  else  from  ihwo,  <a  word/  in  which  case  it  would  signify  the  bfioyXtarroif 
Sermonales,  articulately-spealcing  natives,  as  opposed  to  the  Nemj\  Nemci^ 
<damV  (iapfiapot,  or  unintelligible  foreigners.  Instead  of  these  compli- 
mentary derivations,  Schafarik  now  proposes  (Slaw.  Alterth.  ii.  p.  42  foil.) 
to  consider  the  word  as  a  local  title,  like  the  other  words  in  •ane  or  -eney  and 
would  rather  derive  it  from  the  geographical  name  Slowy,  which  he  would 
connect  with  saiiatcc^  '  an  island/  *  meadow/  or  *  holm/  so  that  the  Slowjamn 
would  be  the  '  islanders/  with  reference  perhaps  to  the  marshes  which  sur- 
rounded their  original  settlements.  A  comparison  of  srebro  with  stiver  might 
even  suggest  the  possibility  of  identifying  the  roots  serb  and  slaw.  At  any 
rate  it  is  clear  that  when  the  wars  of  the  ninth  and  tenth  centuries  furnished 
an  abundance  of  Sclavonians  as  prisoners  and  captives,  the  German  names 
for  these  unhappy  persons  were  indifferently  Slave  and  Syr/,  a  circumstance 
which  indicates  a  widely-spread  identity  of  ethnical  designation. 

That  the  ancient  SauromaUB  or  Sarmatians  were  ethnologically  identical 
with  the  Sclavonians  appears  to  me  to  be  certain.  The  grounds  on  which 
Schafarik  has  maintained  the  contrary  opinion  do  not  amount  to  a  valid  ar« 
gument  It  is  quite  possible  that  the  ancients  may  have  used  the  term  Sar^ 
matian  in  a  lax  and  vague  manner,  and  may  have  classed  with  the  Sola- 
▼oniau  tribes,  to  whom  this  name  belonged,  some  others  which  were  more 
or  less  connected  with  different  branches  of  the  Indo-German  family.  For 
example,  the  title  seems  to  have  included  the  Lithuanians,  who  were  Scla- 
Tonized  Low-Germans  belonging  to  the  great  stock  of  the  Getae.  In  the 
same  way,  the  term  Scythian  is  extended  so  as  to  include,  not  only  the  Sar- 
matian  tribes,  but  also  otliers  of  Gothic  and  Turanian  origin.  It  is  quite 
clear,  indeed  it  is  generally  admitted,  that  the  Sarmatians,  as  such,  were 
Sclavonians,  and,  as  Grimm  has  observed  {Gesck*  d,deutscken  Spr,  p.  173)» 
if  the  Sarmatian  word  (IptSf  given  by  Lucian  in  his  Toxaris  (40),  can  be 
shown  to  be  Sdavonian,  this  alone  would  settle  the  point  Schafarik  himself 
admits  (p.  370),  that  many  of  the  Sarmatian  proper  names  betray  a  Sda- 
vonian origin.  The  question  is  one  of  considerable  importance ;  for  if  the 
noiversal  belief,  that  the  Sclavonians  and  Sarmatians  are  identical,  be  allowed 
to  hold  its  ground,  we  can  trace  the  Sdavonian  migration  from  Iran  through 
ill  its  stages,  until  we  get  back  to  the  original  starting-point.  Every  au- 
thority concurs  in  assigning  a  Median  origin  to  the  Sauramata,  and  according 
to  Gatterer's  etymology,  which  is  generally  received,  the  name  itself  signifies 
**  the  Northern  Mateni  or  Medes.**  One  of  their  tribes  was  called  Ixa-matm 
or  laxa-matiBy  t.  e.  "  Modes  from  the  laxartes  or  Oxus."  And  thus  we  can 
hiy  down  the  route  of  the  Sdavonian  population  from  the  borders  of  Assyria 
thnmgh  Media  and  Hyrcania,  round  the  eastern  shores  of  the  Caspian  and 
And  seas,  across  the  Tanais,  and  so  on,  until  we  find  them  extending  from 
the  Baltic  to  the  Adriatic. 

Now  if  we  can  identify  the  Sclavonians  with  that  branch  of  the  great 
Iranian  family  which  occupied  Media,  it  will  follow  that  their  language,  in 
its  oldest  form,  must  furnish  the  point  of  contact  between  the  Indo-Germanic 
ud  Semitic  idioms.  And  I  proceed  to  indicate  some  of  the  important  in- 
ferences which  may  be  drawn  from  the  comparison  thus  suggested. 

The  researches  of  Col.  Rawlinson  may  be  regarded  as  supplying  us  with 
at  least  primd  facie  evidence  of  the  fact  that  the  language  of  the  ancient 
Assyrians  and  Babylonians  was  in  the  same  syntactical  or  disintegrated  con- 
dition as  the  Hebrew  and  other  Semitic  dialects.    He  seems  to  have  recog- 
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nbed  a  de6nite  article^  prepositional  determinatives  of  the  oblique 
personal  pronouni  prefixcKi  rather  than  affixed  to  the  Terb-forni»  and  even 
the  peculiar  modifications  which  are  generallv  known  as  conjngational 
varieties  of  the  Semitic  verb.  On  the  other  hand,  it  has  long  been  wm 
opinion  maintained  by  ancient  orientalists  that  the  ChakUeanSf  Karnhm,  or 
Kwrdsy  were  an  Indo«German  tribe  who  descended  from  their  mountains  and 
conquered  the  plains  of  Mesopotamia  about  the  time  of  the  Prophet  Isaiah* 
Micbaelis  and  Reinhold  Forster  have  gone  so  far  as  to  claim  for  them  a 
Sclavonian  affinity,  and  Gesenius,  who  rejects  this  hypothesis,  still  conneets 
them  with  the  Medo- Persians.  But  if  they  were  of  the  Median  stock,  diey 
were  also  Sarmatian  or  Sclavonians.  And  thus,  starting  from  two  opposite 
points  of  view,  we  come  to  the  same  conclusion,  and  find  the  Indo-Germans 
and  Semites  in  close  contact,  if  not  intermingled  with  one  another,  on  the 
banks  of  the  Tigris.  Every  step  which  we  take  in  the  way  of  inductian 
confirms  our  d-priori  reasoning,  and  the  internal  evidences  of  language  en- 
able us  to  arrive  at  a  demonstrative  result 

The  distinctive  characteristics  of  the  Semitic  languages  may  be  siud  to 
consist  in  the  generally  triliteral  form  of  their  uninflected  words,  and  in  the 
invariably  syntactical  contrivances  by  which  the  whole  mechanism  of  speech 
is  carried  on.  I  seek  the  cause  of  this  in  the  eariy  adoption  of  alphabetical 
writing,  in  the  establishment  of  a  literature,  and  in  the  unusually  frequent 
intermixture  of  cognate  races.  The  distinctive  characteristics' of  the  Scla- 
vonian languages,  as  they  appear  in  Europe,  may  be  said  to  consist  in  the 
perfection  of  the  etymological  forms  and  in  the  total  absence  of  merely  syn- 
tactical contrivances,  and  the  cause  of  these  peculiarities  may  be  sought  in 
the  known  fact  that  they  have  been  more  free  than  any  other  branch  of  the 
Indo-Germanic  family  from  intermixture  or  fusion,  and  that  their  literatare 
is  of  more  recent  origin  than  that  of  any  great  section  of  the  human  race. 
Thus  we  may  say,  that  the  Sclavonian  and  Semitic  tongues  stand  in  direct 
antithesis  or  contrast,  as  far  as  their  state  or  condition  is  concerned.  And 
if,  in  spite  of  this,  they  still  retain  marks  of  their  original  contact,  we  musi 
admit  that  the  argument  from  internal  evidence  is  the  strongest  poasifaie^ 
because  it  is  obtained  under  the  most  unfavourable  circumstances. 

Now  the  facts,  on  which  I  rely  as  conclusive,  are  these: — (1.)  thai  there 
are  verbal  coincidences  between  the  Sclavonic  and  Semitic  languages  which 
cannot  be  accidental,  which  are  not  traceable  to  any  subsequent  intereourse 
between  the  two  races,  and  which  are  not  common  to  the  Sclavonic  and  other 
Indo-Germanic  idioms ;  (2.)  that  the  Sclavonian  language  alone  furnishes 
parallels  to  the  Semitic  conjugations,  and  presents  words  in  such  a  state  of 
agglutination  as  would  be  liable  to  the  triliteral  pollarding  from  which  the 
existing  system  of  Semitic  articulation  seems  to  have  sprung. 

(1.)  There  is  no  word  more  peculiar  to  the  Semitic  languages  than  the 
expression  for  goodness  and  convenience,  which  in  Hebrew  is  UltOf  dlM, 
in  Arabic  j^  J  ddnr.  I  have  remarked  elsewhere  that  the  articuhition  of  the 
Hebrew  (3  must  be  a  medial  rather  than  a  tenuis  aspirated,  and  the  Arabic 
synonym  shows  that  it  is  so  in  this  particular  case.  Now  this  root,  which  does 
not  occur  in  any  other  Indo-Germanic  language,  is  as  common  in  Sclavonic  as 
in  Hebrew,  and,  what  is  remarkable,  it  constantly  occurs  with  the  afiixr,  which 
it  exhibits  in  Arabic  Thus  we  have  in  Polish  dob^  **  a  suitable  time,"  do^ra, 
in  both  Russian  and  Polish,  with  the  signification  **  good,"  "  useful,^  &c 
with  an  infinite  number  of  derivatives.  Although  we  might  find  other  Indo- 
Germanic  analogies  for  the  root  of  the  Russian  dordga^  '*  a  road,"  it  is  only 

in  the  Hebrew  *s]*^*n  derek  and  the  Arabic  ^/3  der^  that  we  have  the  exael 
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fynonjin.  There  are  some  Semitic  roots  which  we  should  not  understand 
without  the  help  of  the  Sclavonic ;  thus  fl^tS  dhdhoTh  is  generally  supposed 

to  signify  «  he  sacrificed ;"  but  PlSD  dhabM'h  means  «  a  cook,"  D*n*ip5H. 

'ib«MN2U'Alm  means  "ripe  melons/' and  the  Arabic  ^at  dhaba^h  means  <<he 

cooked^"   JJ^  dhabbd^k  is   "a  cook,"  and    ^UL  dhabaik  means  <<hot 

winds,"  BO  XhBt  we  are  led  to  the  well-known  Sdayonic  word  iep-leif "  warm,** 
whence  the  name  of  the  hot  baths  of  Toeptitz  ;  and  we  may  assign  the  same 
origin  to  the  title  of  the  Scythian  goddess  of  fire,  which,  as  Herodotus  tells 
tu,was  TabUL    We  might  recognise  the  monosyllabic  root  of  lyt  dd-bar 

in  ver^btm^  as  we  might  in  the  Sclavonic  ^o-vor-t^,  but  it  is  only  in  the  Ru8«i 
lian  that  we  have  the  genuine  compound  do-varei^  as  in  raz-dovarei^  "  fami- 
liar discourse."  The  Greek  poXixos  belongs  to  the  Pelasgic  or  Sclavonian 
state  of  the  language ;  in  the  Sanscrit  dirgka^  Zend  daroffo,  Behistun  daragUf 
&c  the  /  is  changed  into  r,  but  in  all  the  Sclavonian  forms  the  I  is  retained^ 
as  in  dolgie^  diauhyy  dhigh  &&»  and  the  same  is  the  case  in  Arabic  JIL 
Ml  (otdkdl;  Hebrew  Wj  ffd-doly  "great,"  r&]  and  ^^1  ddldh  and 

ddlaiy  '<  to  hang  down."  These  examples,  which  are  taken  at  random  and 
might  be  multiplied  to  any  extent,  will  suffice  to  show  the  nature  of  the  re- 
semblance between  Sclavonian  and  Semitic  roots.  Nor  is  the  resemblance 
confined  to  the  roots.  The  mode  of  using  them  is  also  marked  by  features 
of  similarityy  and  we  have  some  cases  in  which  these  classes  of  idioms  pre- 
sent solitary  examples  of  a  corresponding  process  of  thought.  Thus,  it  is  a 
peculiarity  of  the  Semitic  race  to  regard  <*/our,"  and  especially  its  multiple 
"for^f**  as  a  round  number  or  expression  of  indefinite  plurality.  Similarly, 
in  Russian,  we  find  that,  although  the  other  numbers  are  formed  on  a  prin- 
ciple of  internal  development,  the  term  for  "  forty  "  is  so-rok't  which  is  not 
mnected  with  cheUre,  ^  four,"  and  is  obviously  a  collective  noun  formed 
with  the  preposition  so.  Again,  in  common  Hebrew  we  never  find  the  sim- 
ple relative  she,  but  always  the  lengthened  secondary  form  *kcuher*  Simi- 
ttrly  in  Sclavonic  the  simple  form  koe  is  only  used  in  poetry ;  the  lengthened 
form  kotoreif  kotoraioj  kotaroCf  which  is  equivalent  to  Koropoiosj  being  invari- 
ably employed  in  common  discourse.  The  form  A#e>  is  a  variation  of  the  im« 
peraonalcto. 

(2.)  But  agreementa  of  sound  and  even  of  usage  are  less  conclusive^  as 
pvooA  of  common  origin  and  ethnical  contact,  than  a  communion  in  those 
priodples  which  regulate  the  structure  of  a  language.  And  this  remark 
particularlv  applies  to  the  comparison  of  the  Sclavonian  language  which 
exhibits  a  living  power  of  etymology  in  its  most  active  state,  with  the  Semitio 
languages  in  which  the  development  of  the  form  has  been  checked  and  the 
vhole  stock  of  infiected  words  petrified  into  a  congeries  of  triliteral  fossils* 
Bvery  person,  who  is  acquainted  with  the  Sclavonian  languages,  must  have 
he^  struck  by  the  fact,  that  none  of  the  other  Indo-Germanic  idioms  ex- 
hibit the  monosyllabic  roots  in  such  a  constant  state  of  accretion  or  agglu- 
tination with  the  affix,  prefix,  or  both.  And  with  regard  to  the  prepositional 
prefix  in  particular,  there  is  certainly  no  class  of  languages  which  can  vie 
with  the  Russian,  ».  e.  the  purest  Sclavonian,  in  the  number,  variety,  and 
c<matant  use  of  these  distinctive  initials.  Now  modern  philology  leads  ua 
to  the  conclusion  that  the  Semitic  languages  were  originally  built  upon  the 
same  system  of  monosyllabic  roots  as  the  Sanscrit  and  Greek,  and  that  the 
additions  by  whidi  every  such  element  is  accompanied  in  the  existing  state 
of  the  language  are  formative  appendages  belonging  to  the  time  when  the  ^i. 
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etymological  activity  of  the  idiom  was  still  unimpaired.  Aocording  to  this 
view,  it  is  quite  clear  that  tlie  particular  form  of  the  iDdo-Germanic  lan- 
guages, under  which  such  a  permanence  of  crude  trigrammattsm  became 
possible,  must  have  been  that  which  we  recognise  in  the  Sclavoniaa  family, 
namely,  a  state  of  accretion,  in  which  the  separability  and  independent  sig- 
nificance of  the  mono:»yUabic  root  are  no  longer  regarded,  or  taken  into  con- 
sideration. The  converse  phsenomena,  in  the  case  of  the  Sporadic  or  Tura- 
nian languages,  furnish  the  best  illustration  of  the  Semitic  word — ^fonna.  It 
cannot  be  doubted  that  the  tribes  which  supplied  the  continents  of  Asia, 
Europe  and  America  with  the  first  wide-spread  sprinkling  of  population,  mi- 
grated from  the  central  district,  while  the  monosyllabic  root  was  still  regarded 
as  independent  and  separable,  and  the  civilization  which  gathered  round  a 
fresh  nucleus  in  China  has  not  been  able  to  deprive  the  monosyllabic  lan- 
guage of  this  iuherited  characteristic.  As  then  we  have  in  the  one  case  a 
luxtaposition  of  formative  contrivances  without  any  real  fusion,  we  observe 
in  the  Semitic  languages  the  development  of  etymology  checked  after  it  bad 
assumed  the  concrete  forms  of  Sclavonic  agglutination.  We  require  tiien, 
for  the  explanation  of  the  only  known  condition  of  the  Semitic  languages^ 
that  ethnographic  fact  of  Sclavonian  antiquity  to  which  another  train  of  rea* 
Boning  had  already  conducted  us. 

Again,  it  is  a  distinguishing  characteristic  of  the  Semitic  languages  to  have 
a  great  abundance  of  derivative  forms  for  the  verb  itself  by  the  side  of  a 
striking  parsimony  in  the  inherent  tense-forms.  This  is  equally  a  character- 
istic of  the  Sclavonian  idioms.  The  Semitic  languages  have  no  proper  di- 
stinctions of  tense  as  past  and  present ;  the  forms  which  they  use  designate 
transient  or  momentary,  as  distinguished  from  continuous  states  or  actions. 
The  derivative  forms  which  are  called  conjugations,  such  as  Niph'haly  ffi» 
ph^kilf  Bithpa*helt  are  contrivances  for  expressing  the  various  relations,  de- 
grees, and  modes  of  agency.  Precisely  the  same  is  the  anatomy  of  the  Scla- 
vonic verb.  Instead  of  the  proper  distinctions  of  tense,  the  verb-forms  are 
divided  according  to  the  mode  of  action  into  branches  or  classes,  which 
modern  grammarians  designate  as  semelfactive  or  monologous  {in  Polish 
iednatltu^)  as  opposed  to  frequentative  or  iterative  (in  Polish  czestoelho^^  and 
complete  or  perfect  (in  Polish  dokonane)  as  opposed  to  incomplete  or  imper- 
fect (niedokonani).  A  simple  example  will  show,  even  to  those  who  have 
not  studied  the  subject,  how  completely  the  usual  distinctions  of  tense  are 
set  aside  by  this  mechanism.  The  Russian  verb  trogaf^  *  to  touch,'  makes 
Ja  trogaiuy  *  I  am  touching,*  in  the  present  tense  of  ^hat  is  called  the  indefi- 
nite branch.  But  if  we  prefix  the  particle  ras,  we  getja  rastrdgaiu,  *  I  shall 
touch,'  for  the  future  of  the  perfect  branch,  which,  in  its  so-called  present 
ja  rastrogaVy  <  I  touched,'  exhibits  all  the  characteristics  of  a  past  tense.  In 
the  same  way,  we  find  no  real  present  tense  in  the  semelfactive  tronuij  *  to 
touch  once,'  and  in  the  iterative  trogivai^  <  to  touch  repeatedly,'  bat  onlj 
the  past  forms /a  tromtV^  «I  touched/  aud^a  trogival\  *I  kept  touching/ 
while  the  present  form  of  the  semelfactive  ja  tronu  is  used  as  a  future,  *  I 
shall  touch/     This  habit  of  substituting  distinctions  of  complete  or  incom- 

Elete,  of  single  and  continued  or  repeated  action,  for  the  true  distinction 
etween  past,  present,  and  future,  is  peculiar  to  the  Sclavonic  as  compared 
with  other  Indo-German  idioms,  but  common  to  all  the  Semitic  dialects. 
The  internal  or  etymological  modifications  by  which  the  change  of  significa- 
tion is  expressed  are,  of  course,  less  distinct  in  the  Semitic  idioms,  but  they 
are  still  sufi&ciently  apparent  Into  the  origin  and  value  of  these  pronominal 
insertions,  it  is  not  my  business  to  enter  on  the  present  occasion.  I  will  only 
csdl  the  attention  of  scholars  to  the  fact,  hitherto  unnoticed  and  unexplained^ 
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that  the  insertion  nuy  which  marks  the  semelfactive  verb  in  Sclavonian,  is 
aever  found  in  Sanscrit,  Greek,  or  Latin  with  any  trace  of  that  reduplication 
which  is  the  proper  expression  of  repeated  action.  Thus  we  have  da-ddmi, 
bot<^ild-mt;  di-dttf|ic,  TidrifjLifiaTrifn,hvLt  ^euy-}'v/ii»  idfi^yrffjii,  U'viofiaif  &c.; 
wlwru  for  wt'wiriay  but  vlvruf ;  and  Latin  verbs  which  insert  n,  always  omit 
this  adjunct  in  the  perfect,  their  only  reduplicated  tense ;  thus  we  have  tundo, 
but  tiOudL  The  syntactical  contrivance  by  which  the  Semitic  languages 
express  the  passive  or  reflexive  voice  is  also  introduced  in  Sclavonic  verbs, 
which  have  no  etymological  mechanism  for  the  purpose,  although  their  per- 
son-endings are  remarkably  complete.  I  have  shown  elsewhere  {McukU  le 
Sopkety  p.  SS)  that  the  prefix  of  the  reciprocal  hith-pa^Ml  is  the  subjective 
n  eombined  with  the  objective  DK*  and  that  the  passive  niph*hal  has  for  its 

initial  the  objective  J  only.  The  Sclavonic  verb  absolutely  subjoins  the  re- 
flexive pronoun  si/a  to  all  persons  of  the  verb.  It  is  useless  to  weary  you  by 
pursuing  this  grammatical  comparison  any  farther.  Those  who  have  studied 
the  refinements  of  philology  will  be  able  to  estimate  the  argument  from 
these  hints,  and  it  would  be  idle  to  present  the  details  to  those  who  take  no 
interest  in  the  subject. 

But  independently  of  the  arguments  deducible  from  these  lexicographical 

and  grammatical  coincidences,  there  are  certain  phonological  peculiarities, 

common  to  the  Semitic  and   Sclavonian  languages,  which  seem  to  me  to 

confirm  the  view  which  I  have  taken  of  their  original  contact  and  congruity. 

It  is  well  known  to  the  philological  student  that  whole  families  of  languages 

have  been  discriminated  by  the  diflerent  degrees  in  which  they  have  main* 

tained  the  integrity  of  their  sibilants,  or,  in  other  words,  by  the  various  sub- 

stitutes  which  they  have  allowed  to  supersede  these  more  ancient  articula- 

60ns.    In  examining  the  sibilants  of  a  particular  language,  we  have  to  con- 

skier  two  classes  of  sounds :  the    original   sibilants,  which  in  secondary 

states  of  the  idiom  degenerate  into  mere  breathings,  or  are  softened  into 

semi-consonants  and  vowels ;  and  those  palatal  sibilants,  which  are  themselves 

generated  by  a  softening  of  guttural  and  dental  consonants.    The  latter  class 

of  phaenomena,  to  which  we  owe  the  constant  employment  of  the  ^  in  Greek, 

tod  our  own  soft  ^,  j,  and  ch,  must  be  carefully  distinguished  from  the  causes 

which  interfere  with  the  permanence  of  an  original  assibilation.   An  example  - 

wiD  show  the  nature  of  the  difference.    The  substitution  of  an  aspirate  for 

an  mitial  s  is  one  of  the  main  characteristics  of  the  change  from  old  or  Pe« 

hsgian  Greek  to  the  classical  Hellenism  with  which  we  are  acquainted,  and 

thii  substitution  has  very  much  diminished  the  use  of  sibilants  in  the  language. 

On  the  contrary,  the  aversion  to  palatal  sounds  on  the  part  of  the  Hellenes 

has  almost  invariably  substituted  f,  which  is  a  sibilant,  for  all  the  softened 

gnttnrals  or  dentals  of  the  older  dialects.     This  procedure,  which  a  recent 

phik)l(^cal  writer  (Schleicher,  Sprachvergleichende  Uniersttchungen,  p.  33) 

has  proposed  to  term  ZetacUmus,  may  take  place  in  any  language,  in  which 

a  guttural  or  dental  is  affected  by  an  immediate  contact  with  t.     But  the 

evanescence  of  s,  or  its  change  into  a  mere  breathing,  belongs  to  a  particular 

state  or  condition  of  language,  and  we  may  classify  idioms  according  to  this 

phaenomenon.     Thus  the  Pelasgian  and  Latin  as  compared  with  the  Greek, 

the  Sanscrit  as  compared  with  the  Zend,  the  Erse  as  compared  with  the 

Welsh,  retain  an  initial  sibilant,  which  in  the  corresponding  but  later  forms 

of  the  same  language  is  consistently  changed  into  h.    The  history  of  the 

Greek  alphabet,  with  which  we  are  best  acquainted,  teaches  us  that  the  effect 

has  been  to  diminish  the  number  of  sibilants.    In  spite  of  the  2^etacismuSf 

the  old  Say  has  vanished,  and  while  p  and  v  have  usurped  many  of  the  funo« 

^ns  oft,  usage  has  deprived  £  of  one  of  its  original  employments.    If  on 
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the  other  hand  we  examine  the  Sdavonian  alphabets,  we  shall  be  itneklf 
the  superabundance  of  sibilant  articulations  for  which  they  famiflh  tii«  oi^ 
pre8sion«    They  are  rich  not  only  in  palatals,  but  in  yaristies  of  pars  datal 
assibilation.    We  notice  precisely  the  same  phonology  in  the  SiemitiQ  ^ 
leotSy  but  here  the  guttural  and  nasal  breathings  also  play  an  imiwrtast  put 
The  Sdavonian  alphabet,  as  is  well  known,  is  an  adaptation  of  ths  Gretk, 
increased  by  characters  borrowed  from  the  Armenian  and  Coptto.   Tki 
author  was  Cyril,  otherwise  called  Constantino  the  philosopher,  who  wu 
brother  to  Methodius,  bishop  of  Pannonia  and  Moravia.    The  Greek  oids 
is  preserved  with  the  following  exceptions.    Before  F)Wt  and  j^eht  wl^ 
corresponded  to  the  Greek  /3$ra  and  /3av»  Cyril  inserted  Buki  and  Z»iik^ 
and  remanded  to  the  end  those  letters  peculiar  to  the  Greeks,  nsmelyii^ 
6,  and  v.     The  alphabet  thus  enlarged  contains  the  following  silUi: 
(a)  pure  dentals,  zjeh^  zemya,  slovot  tzi ;  (b)  palatals,  cero^  sha,  shcha^  besida 
the  compounds  ksi  and  psi*    If  we  take  the  Arabic  as  the  most  exteosifi 
form  of  the  Semitic  alphabet,  we  shall  find  that  it  contains  the  foUoviBf 
sibilants :  (a)  pure  dentals,  thse^  dscd^  ze,  sin,  ssad,  zza ;  (6)  palatab,/u>i)<iak 
The  Hebrew,  which  has  its  full  complement  of  pure  dental  sibilants  in  ^n^ 
tsade,  and  ^ameckj  has  no  palatal  except  shin.    Now  as  the  palatals  in 
softened  or  degenerated  forms  of  the  gutturals,  it  is  a  natural  consequeM 
that  the  guttural  aspirate  should  abound  in  proportion  as  the  palatil  il 
wanting.    This  is  strikingly  the  case  in  Hebrew,  which  ha^  no  less  thanta 
distinct  aspirates,  ^JuUeph,  Ke,  'heihy  ^hayin,  besides  its  guttural  mutes  ff^ 
haphy  and  koph.  The  only  approximation  in  Hebrew  to  that  softening  of  tb 
gutturals,  to  which  the  formation  of  zetacised  articulations  may  be  sscriM 
is  to  be  found  in  the  semivowel  use  of  yod,  which  is  undoubtedly  the  off- 
spring of  the  gutturals.    But  it  is  never  so  combined  with  guttanh  t 
dentals  as  to  form  a  pure  palatal  sound,  unless  we  recognise  it  in  Ai»  tft 
substitute  for  sk.    Reverting  then  to  the  principle  which  enables  ustotE' 
stinguish  between  the  pure  sibilant  and  the  subsequently  formed  palatable 
shall  come  at  once  to  the  conclusion  that  the  Semitic  and  Sdavoniao  hB- 
guages  exhibit  a  complete  coincidence  in  regard  to  their  unimpaired  dsTi' 
lopment  of  the  original  sibilant,  for  they  alone  possess  the  three  sounds « 
zain  and  zemlja,  of  tsade  and  tsi,  of  gamedi  and  slovo\  and  while  thefo* 
mation  of  palatals  has  proceeded  to  its  full  extent  in  Sdavonian  and  hxH^ 
the  permanence  of  the  pure  sibilant  in  Hebrew  is  shown  by  the  facd  M 
with  a  full  array  of  breathings  there  is  no  diminution  in  the  use  of  A* 
sibilants  in  anlatU  or  as  initials.    The  force  of  this  observation  will  be  M 
by  those  who  know  that  even  in  the  Zend,  as  t^ompared  with  the  Saoiefl^ 
the  transition  from  the  initial  «  to  an  initial  h  has  established  itself  in  unifoM 
observance.    Important  conclusions  to  the  same  effect  may  be  derived  frti 
the  palseography  of  the  cuneiform  characters,  which  have  preserved  to  »  • 
record  of  the  Median  or  Sdavonian  idiom  at  the  earliest  known  period  of  Hi 
subjection  to  Persian  or  Germanic  influences.     If  we  examine  this  alpliaM 
we  shall  see  that  the  arrangements  of  the  arrow-heads  or  wedges,  of  wbicbeaeh 
character  is  composed,  are  not  casual,  but  technical  and  systematic,  haTifll 
reference  to  a  perception,  more  or  less  scientific,  of  the  true  affinities  o(^ 
culation.  Thus  we  shall  see  that  all  the  characters,  which  are  connected  wits 
the  lateral  angle  ^  turned  to  the  lefl,  are  more  or  less  affected  by  aspiralioB' 
The  distinct  aspirate  A  ^J:^  has  two  of  these  marks,  and  the  inclusion  inttt 
character  of  n  J:^  only  shows  thaty  like  the  Hebrew  "Aaytn  JT,  itwtfr** 
garded  as  a  nasal  breathing.  As  d  and  r,  the  affinity  of  which  is  well  bov^ 
are  but  slightly  different  forms  of  the  same  character  in  the  Seoutio  ^ 
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8*>*8^  C^f  *^'  ?  {)'  ^^  ^  **  ^^  ^  (jj  )  '^  similarly  related  in  Arabic,  we 
find  iu  the  cuneiform  alphabet  that  r  and  t  are  represented  by  the  same  cha- 
racter turned  in  different  directions  (for  r  is  ^^  and  s  is  Y^).  With 
these  indications  of  contrivance  and  design,  it  becomes  important  to  note  that 
a  lateral  mark  only  distinguishes  s  ^^  from  v  ^]^  •  For  as  Col.  Rawlinsoo  ' 
has  shown  that  the  character  which  he  calls  u  ^  has  an  inherent  aspi* 
ration,  and  as  hu  is,  in  the  passage  from  Sanscrit  to  Zend,  the  representative 
ofsVf  we  find  thus  in  the  very  contrivances  of  the  alphabet  an  explanation 
of  that  transition  from  the  sibilant  to  the  breathing,  and  from  the  Labio-dental 
to  the  vowel  u,  which  is  the  main  characteristic  of  the  Persian  as  distin- 
guished from  the  Median,  and  of  the  Graeco-German  as  contrasted  with  the 
relasgo-Sclavonian  idioms.  Compare,  for  example,  the  transitions  of  sound 
in  the  Sanscrit  fvany  Median  ffiakaj  Russian  sabacy  Greek  irvoiv,  German 
hmd ;  in  the  Russian  svera^  Lettish  svehrt,  Latin  /era,  Greek  Oiyp,  £nglish 
deer  I  Sanscrit  svcqmay  Greek  viryosy  and  so  forth. 

Patting  all  these  circumstances  together^  there  cannot,  I  conceive,  be  any 
doubt  that  the  Sclavono-Median  language  furnishes  us  with  the  point  of  de» 
narture  and  line  of  demarcation  between  the  Indo-German  and  Semitic 
families.  With  the  most  pronounced  differences  of  subsequent  conditioUi 
fte  Semitic  and  Sclavonic  idioms  exhibit  those  marks  of  internal  resemblance 
which  could  only  spring  from  contact  and  intermixture  at  a  very  early  period, 
and  this  contact  and  intermixture  are  preserved  in  all  that  we  can  learn  re- 
specting their  geographical  settlements  respectively.  And  it  is  as  easy  to 
explain  the  differences  as  it  is  to  account  for  the  resemblances.  The  Sda^ 
vonian  languages  are  the  most  full  in  etymology  and  the  most  meagre  in 
syntax  of  all  varieties  of  Indo-German  speech,  because  the  race  has  remained 
pure,  and  because  it  did  not  till  a  late  period  adopt  alphabetical  writing  or 
encourage  the  development  of  a  national  literature.  The  Semitic  idioms, 
00  the  contrary,  are  the  most  completely  fossilized  in  etymology  and  the 
most  distinctly  syntactical  of  all  languages,  because  the  races  which  spoke 
them  were  constantly  exposed  to  fusion  and  intermixture,  and  because  they 
were  the  first  to  adopt  alphabetical  writing  and  the  eariiest  possessors  of 
Bterary  records.  The  effects,  which  an  admixture  of  different  races,  whe- 
tter  proceeding  from  migration  or  conquest,  produces  upon  the  inflexions  of 
t  language,  have  long  been  recognised,  and  the  familiar  illustration  furnished 
bv  the  modern  English  language,  as  the  result  of  a  combination  of  the 
Norman  with  the  Anglo-Saxon,  has  often  been  adduced.  But  perhaps  I 
Ihall  not  make  my  meaning  as  clear  as  I  could  wish  without  adding  a  few 
femarks  on  the  influences  of  alphabetical  writing  and  literarv  cultivation ; 
fcr  sufficient  attention  has  not  been  paid  to  the  fact  that  these  influences  are 
most  decbive  and  permanent  when  their  first  operation  is  contemporaneous. 
Alphabetical  writing  was  not  invented  by  one  effort.  It  is  the  last  result 
of  a  series  of  successive  improvements.  The  first  step  is  a  system  of  picture* 
Writing  or  significant  signs,  which  is  the  usual  concomitant  of  an  application 
tf  art  to  the  service  of  idolatry.  The  constant  use  of  an  ideographic  picture 
in  connexion  with  the  name  of  a  particular  object  leads  to  its  employment 
Is  a  determinative  initial  for  all  names  which  begin  with  the  same  or  a  similar 
lound.  Hence  we  have  phonetic  signs  intermixed  with  emblems  or  pictures. 
A  further  step  in  advance  takes  us  to  combinations  of  phonetic  signs  alone, 
and  a  greater  use  of  writing  naturally  leads  to  abbreviations  and  cursive  forms 
of  them,  which  are  first  syllabic  and  then  literal  This  is  the  origin  of  al- 
phabetic writing.  Whether  there  has  been  more  than  one  invention  of  the 
ttt,  or  whether  all  existing  alphabets  may  be  traced  back  to  a  common 
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source,  are  still  open  questions.  Thus  much,  however,  is  certaiD,  that  aR  the 
civilized  nations  with  which  we  are  acquainted  in  Asia  and  Earope,  biie 
either  passed  through  the  various  steps  of  the  process  which  I  have  jot 
described,  or  have  borrowed  the  Semitic  syllabarium  in  some  stage  or  olker 
of  final  development. 

It  is  by  no  means  necessary  that  the  use  of  alphabetic  writing  sbodd 
precede  the  formation  of  a  national  literature.  On  the  oontrarj,  the  punif 
epic  period  in  a  national  literature  will  generally,  if  not  always,  precede  tk 
adoption  of  a  mode  of  writing  calculated  to  supersede  the  memory,  espedallj 
in  the  case  of  those  languages  which  still  retain  their  etymological  struetniQi 
and  are  thus  calculated  to  meet  the  exigencies  of  uniform  metre,  and  to  paai 
by  oral  teaching,  from  one  generation  of  bards  to  another  in  unbroken  wxr 
cession.  It  is  pretty  clear  that  the  Pali  literature  of  the  Buddhisb  wu 
committed  to  writing  long  before  the  Brahmins  borrowed  from  them  the 
means  of  writing  down  their  old  epic  and  religious  poetry.  So  thataUhoogh 
the  Sanscrit  language  is  in  a  more  perfect  etymological  condition  thaa  the 
Pali,  and  though  the  Fidas  and  even  the  Mahdbkdrata  are  older  than  the 
Pali  inscriptions,  the  records  of  the  Sanscrit  literature  are  preserved  in  bor* 
rowed  characters  of  comparatively  recent  date.  Notwithstanding  ail  thit 
bas  been  written  on  the  Homeric  question,  it  remains  a  fact  that  the  efie 
poetry  of  the  Greeks  is  of  earlier  date  than  their  adoption  or  familiar  ose  of 
the  Semitic  alphabet.  The  result  has  been,  in  both  cases,  that  the  fomsrf 
the  words  in  Greek  and  Sanscrit  retain  their  exuberant  fullness,  which  a 
the  former  language  is  unaffected  even  by  the  existence  of  a  perfectly  logiol 
syntax.  The  converse  cases  are  furnished  by  the  Old  Egyptian  and  ChineR 
languages,  which  never  entirely  shook  off  the  symbolical  and  sensual  refereaee 
of  their  written  characters.  The  Egyptian,  indeed,  did  in  the  end  arrive  it 
a  purely  phonetic  use  of  its  hieroglyphic  signs;  but  the  Chinese  never  kit 
the  point  of  departure  suggested  by  their  sidnff^htng  or  **  figurative  images;* 
the  highest  abstraction  l^ing  that  of  the  hing-ching  or  ^  figurative  flounds," 
which  however  were  always  combined  with  ideographic  or  pictorial  sig* 
The  paloeography  of  the  Semitic  nations  lies  half-way  between  that  of  the 
Greeks  and  Indians,  who  adopted  no  system  of  writing  except  the  alphabetie^ 
and  did  not  make  use  of  this  until  their  poetical  literature  had  taiken  root 
and  began  to  flourish ;  and  tliat  of  the  Chinese  and  Egyptians,  who  efflploj^ 
picture-writing  instead  of  their  memories  from  the  very  earliest  peri(xI,aiMi 
who  never  attained  to  a  perfectly  abstract  and  sim'ple  alphabet.  I  believe 
that  the  first  Semitic  alphabet  was  due  to  the  Hebrews  rather  than  to  the 
Phoenicians.  The  Sacred  History  of  this  nation  tells  us  that  their  ^ 
legislator  was  educated  in  Egypt  at  a  time  when  the  phonetic  hierogijph* 
were  in  general  use,  and  there  cannot  be  the  least  doubt  that  the  Phoenieiii 
and  Hebrew  characters  may  be  traced  to  particular  signs  in  the  Egypti^ 
syllabarium.  Some  very  satisfactory  specimens  of  this  have  been  given  hj 
Mr.  Hensleigh  Wedgwood  in  the  *  Transactions  of  the  Philol.  Soc'voLf. 
No.  101.  It  has  always  appeared  to  me  a  most  interesting  fact,  that  f* 
should  owe  our  first  alphabet  to  the  same  race  from  which  we  derive  the 
foundations  of  our  religion.  Picture-writing  and  picture- worship  are  iati- 
mately  connected.  Abstraction  is  anti-idolatrous,  and  is  manifested  in  the 
invention  of  an  alphabet  quite  as  much  as  in  the  adoption  of  a  pure  theim: 
nor  would  I  quarrel  with  any  one,  if  he  thought  fit  to  ascribe  to  the  ^s» 
inspiration,  the  Commandments  written  on  the  two  tables  of  stone,  aod  the 
simple  characters  by  which  they  expressed  their  meaning.  Be  this  a«  it  i* 
it  aeems  pretty  clear  that  the  Hebrews  never  had  any  but  an  alphabetical 
system  of  writing ;  and  it  is  ako  clear  that  they  had  no  literature  except  U 
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which  was  written  down  alphabetically.  The  same  may  be  said  of  the  other 
pare  races  of  the  Syro- Arabian  family ;  and  this  alone  will  explain  the  perma* 
nence  and  uniformity  of  their'^yntactical  structure. 

With  regard  to  the  cuneiform  characters,  I  cannot  doubt  that  they  are  of 
Mesopotamian  and  therefore  of  Semitic  origin.  Internal  evidence  shows  that 
their  origin  was  not  immediately  hieroglyphic,  but  that  they  emanated  from 
a  system  of  phonetic  writing  in  which  affinities  of  articulation  are  fully  per* 
ceived  and  recognised.  The  form  of  the  character  was  regulated  by  the 
materials.  The  alluvial  plain  of  the  two  rivers  furnished  abundance  of 
brick  earth,  and  nothing  could  be  more  simply  ingenious  than  to  form  a  set 
of  letters  which  might  be  made  by  impressions  on  the  unbaked  clay  struck 
with  the  end  of  an  iron  tool,  and  arranged  in  different  groups  according  to 
a  technical  plan  or  convention.  The  lapidary  character  which  was  subse* 
quently  imparted  to  this  mode  of  writing  does  not  interfere  with  our  evi- 
dences of  the  fact  that  the  cuneiform  letters  were  the  natural  and  simple 
invention  of  a  people  of  brickmakers,  who  had  abundance  of  clay,  and  no 
hewn  stones  to  write  on.  In  these  days  of  note-paper  and  envelopes  we  do 
not  sufficiently  consider  how  much  the  mode  of  writing,  in  the  first  begin- 
Dings  of  the  art,  depended  upon  the  nature  of  the  stationery.  The  ostracism 
of  Athens  and  other  cities,  and  thepeUUism  of  Syracuse  show  what  difficulties 
were  caused  by  a  general  demand  for  slips  of  paper.  When  the  great  body 
of  citizens  in  those  populous  towns  wished  to  get  rid  of  an  obnoxious  states- 
man, it  was  usual  to  effect  tliis  by  writing  down  the  name  of  the  party  to  be 
exiled  and  sending  it  in  as  a  ballot-paper.  In  the  want  of  other  substitutes 
for  waste-paper,  the  Syracusans  employed  olive-leaves,  and  the  AthenianSy 
Aigives  and  Megarians  used  fragments  of  broken  pottery,  ue.  pot-sherds. 
It  is  amusing  to  observe  how  the  eld  blunder  about  the  oarpaKov  still  main- 
tains its  ground.  Even  Mr.  Grote  talks  of  votes  given  by  means  of  oyster* 
shelbl  To  say  nothing  of  the  fact  that  oarpaKov  never  meant  an  oyster-shell, 
how  would  they  write  on  such  a  material,  and  whence  would  they  obtain 
inch  a  superabundance  of  these  shells  ?  On  the  contrary,  the  most  econo« 
mical  and  abundant  substitute  for  waste-paper  would  undoubtedly  be  broken 
pottery ;  a  mons  iesiaceus  might  be  formed  in  any  town  where  porcelain  is 
used ;  and  any  pointed  instrument  would  scratch  the  obnoxious  name  on  a 
piece  of  tile  or  broken  vase. 

But  while  we  can  explain  the  cuneiform  writing  even  down  to  the  origin 
of  the  characters  of  which  it  is  composed,  and  while  we  can  not  only  read 
the  Cartouches  of  Egyptian  kings,  but  discuss  the  first  beginnings  of  hiero- 
glyphic writing,  it  certainly  is  most  unsatisfactory  to  reflect  that  we  cannot 
nndeistand  the  remains  of  the  Etrurian  language,  which  we  find  in  the  midst 
of  the  old  Italian  civilization,  written  in  a  character  with  which  we  are  fa* 
miliar,  belonging  to  a  well-known  historical  epoch,  and  surrounded  on  every 
nde  by  literary  and  linguistic  associations.  It  is  the  remaining  object  of 
this  paper  to  show,  by  a  process  of  ethnographic  exhaustion  similar  to  that 
vhicii  I  have  employed  in  discussing  the  Semitic  question,  that  there  can  be 
only  one  solution  of  the  Etruscan  problem,  and  that  if  we  cannot  explain 
everything  in  the  inscriptions,  we  can  at  least  see  the  limits  within  which 
their  explanation  is  possible,  the  line  of  motion  in  which  our  future  progress 
most  take  place,  and  the  goal  at  which  we  must  ultimately  arrive. 

Looking  at  the  population  of  Europe  just  as  we  should  regard  the  geology 
of  a  dbtrict,  we  must  recognise  the  following  ascertained  facts  in  the  strati- 
fication of  the  Indo-Germanic  family.  The  eastern  half  of  Europe,  from  the 

Baltic  to  the  Mediterranean,  is  filled  by  different  branches  of  the  Sclavonian 

family.    In  the  south  no  less  than  in  the  north  these  Sclavonians  abut  upon 
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memben  of  the  Gothic  or  Low-German  race,  with  whom  of  coune,  on  tlw 
oscillating  boundary-lines  of  the  two  families,  they  are  intermixed  iAdiffiemt 
degrees  of  fusion.  Such  an  intermixture  by  the  side  of  pare  SdaToaifnife 
find  in  the  Lithuanians  of  the  north  and  in  the  Latins  of  the  south.  There 
oannot  be  any  doubt  as  to  the  Sclavonian  origin  of  the  Tyrrheno^Pdaigiin 
race.  There  cannot  be  any  doubt  that  the  other  element  in  tbe  old  popn^ 
lation  of  Italy  was,  like  the  Lithuanian,  a  mixture  of  the  SdavoDun  and 
Gothic.  As  then,  in  the  north,  our  next  transition  is  to  the  Scandioaviiaoi 
purely  Gothic  race,  it  is  reasonable  to  conclude  that  the  Rasena,  who  con- 
quered Umbria  and  Tuscany,  and  who  are  expressly  described  as  a  neigh* 
bouring  tribe,  must  have  been  either  pure  Sclavonians  or  pure  Goths ;  for 
there  was  no  Celtic  tribe  in  that  district.  But  it  is  dear  that  if  they  hid 
been  Sclavonians,  their  language  would  not  have  differed  so  strikingly  firon 
that  of  the  Tyrrheno-Pelasgians.  It  follows^  therefore  that  they  must  hife 
been  pare  Getse,  Gotlis,  or  Low>Germans.  This  is  the  inevitable  result  of 
the  primd  facie  evidence.  Let  us  see  how  it  b  borne  out  by  the  remainiof 
the  Etruscan  language  and  by  the  traditions  respecting  this  nation. 

To  begin  with  tradition,  there  cannot  be  a  more  definite  ethoologifal 
statement  than  that  in  Livy  (v.  33)  which  connects  the  £truacans  with  the 
original  inhabitants  of  Lombardy  and  the  Tyrol,  on  whom  the  Gauli  af^ 
wands  encroached.  That  the  Rhaeti  in  particular  were  of  the  same  stock  m 
the  Etrusci  is  stated  also  by  Justin  (xx.  5)  and  Pliny  (H.  iV.  iiL  25)i  ani 
relics  of  art,  names  of  places,  and  peculiarities  of  language  tend  to  oonfim 
the  ethnical  tradition.  Niebuhr  (ii.  525|  i.  113,  114)  is  favourable  tothi 
oonjeoture,  that  the  Etruscan  race,  which  maintained  its  ground  among  the 
Alps,  with  Gauls  all  round  it,  must  at  one  time  have  spread  along  thi 
northern  skirts  of  those  mountains  and  into  the  plains  of  Germany.  Be  thi 
as  it  may,  we  find  that  all  along  the  eastern  boundary-line  of  the  Sdavoue 
population*  wherever  they  abut  on  Teutonic  tribes,  they  have  received  hm 
their  neighbours  the  name  of  Wind  or  Wend,  What  this  name  signifiei  ii 
quite  unknown,  but  it  is  certain  that  it  is  not  the  Sclavonian  or  native  dsH^ 
nation,  for  that,  as  we  have  seen,  is  Serb  or  Servian.  And  it  b  reasomUe 
to  conclude  that  it  b  a  Gothic  or  Low-German  name,  given  to  tbe  Sertiaii 
by  their  Teutonic  neighbours.  Now  we  find  that  the  Etruscans  in  Lonibti^ 
called  their  neighbours  to  the  east  FeneH,  and  that  the  Etruscans  in  Rhstii 
ealled  their  eastern  neighbours  VindeUai,  or  *'  Winds  on  the  Lech."  '^ 
fair  inference  would  be,  that  the  RhsBto* Etruscans  were  a  Teutonic  tiib^ 
and,  if  Teutonic,  they  must  have  been  of  the  Scandinavian,  Gothic,  or  Lot* 
German  branch.  If  we  are  compelled  to  recognise  the  same  admixture^  swl 
indeed  the  same  name,  in  the  Lithuanians  of  the  north  and  the  Latins  or 
LaMnians  of  the  south,  we  must  recognise  also  the  same  juxtaposition  of 
separate  elements  in  the  Scandinavians  who  stand  opposite  to  the  Sclavonins 
on  the  Baltic,  and  in  the  Rhsetiaos  who  face  the. Wends  in  central  Eoropfr 
Consequently,  if  we  accept  the  tradition  which  identifies  the  Rasena  with  the 
KhsBtians,— and  I  agree  with  Dr.  Latham  that  it  is  entitled  to  the  grttltid 
eonsideration,-^we  must  also  identify  tliem  with  the  Scandinavian  race. 

On  the  philological  confirmation  of  this  tradition  I  hope  to  throw  tome 
new  light  in  the  remarks  which  follow.  It  is  unnecessary  to  repeat  the 
statements  of  Lepsius  and  others  respecting  the  composite  structure  of  the 
old  Etruscan  language,  and  the  different  degrees  in  which  the  Pelasgian  or 
qnasi-Greek  element  prevaib  in  it.  There  can  be  no  doubt  that  tbe  txrUi' 
sation  of  northern  Italy  is  due  to  the  Tyrseno-Pelasgians,  and  that  they 
belonged  to  the  same  branch  of  the  Sclavonic  race  which  constituted  the 
basb  of  the  old  Achasan  population.    Their  name  Tvf^trnyotf  as  Lepoisi  ^ 
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tkown»  iigaifies  'the  tower-builders.'  I  am  prepared  to  prove,  that  both  io 
Greece  and  Italy  the  Pelasgians  were  the  original  architects,  that  the  Dorians 
iji  tbe  former  case,  aud  the  Etruscans  in  the  latter,  borrowed  the  arts  of  the 
nation  which  they  subdued,  and  that  the  so-called  Dorian  architecture  was 
imported,  in  a  complete  form,  from  Asia  Minor.  Just  in  the  same  way  we 
find  that  the  North  American  Aztecs  who  conquered  Mexico  adopted  the 
f^ts  which  the  civilized  ToUecs  had  previously  established  there.  It  is  worthy 
of  remark  that  the  name  ToUec  is  a  synonym  for  'architect'  (Presoottf 
Conquer  of  Mexico^  i.  p.  12).  Their  capital  Tula  may  therefore  be  corn- 
pared  with  Tyrrha^  from  which  the  Tyrrhenians  derived  their  origin.    In 

Sneralf  the  mixed  race  of  Aztecs  and  ToUecs^  which  Cortez   found  in 
exico,  with  their  gorgeous  luxury,  their  skill  in  cookery,  &c.,  remind  one 
Terr  much  of  the  Etrurians. 

On  the  fullest  consideration,  I  cannot  assent  to  the  opinion  of  Otfried 
Miiller  {Etr.  i.  71),  that  the  name  Etruscus  is  another  form  of  Tyrsenus; 
and  in  spite  of  its  alluring  facility,  I  feel  myself  obliged  to  abandon  the  fa«> 
vourite  hypothesis  that  Easena  is  a  mutilation  of  Tarasench  the  genuine  form 
of  thePelasgian  designation.  The  true  philologer  will  find  theproofs  of  a  com* 
mon  origin  in  forms  presenting  to  the  unskilful  eye  the  marks  of  an  almost  total 
dissimilitude,  and  he  will  also,  in  many  cases,  reject  as  inconclusive  the  most 
striking  evidences  of  merely  outward  resemblance.    He  knows,  for  example, 
that  serot  sertusy  is  a  different  word  from  sero^  situs;  and  that  the  concessive 
modo  has  no  connexion  with  the  ablative  o£  modus.    It  is  therefore  not  a  sci- 
entific procedure  to  conclude  that  Etruria  and  Etruscus^  which  always  begin 
with^or  JTe,  are  elongated  forms  of  Tuscus  and  Tyrsenus ;  or  conversely  that 
Basmui  is  a  mutilation  of  a  mora  original  word  beginning  with  T  If  we  admit 
theMaiian  origin  of  the  Etruscans,  the  name  Rasena  must  stand.     And  as 
JBt-rus^  or  Het-rt^-ei  presumes  an  original  Het-rusA^  it  would  be  more  rea^' 
lonable  to  conclude  that  this  term  comprises  the  root  rcu,  with  a  significant 
prefix,  and  Niebuhr  has  shown  that  JRas-ena  contains  this  root  with  the  afiix 
-ems  found  in  P&rs-enoy  &o.    The  old  Scandinavian  will  tell  us  what  thi« 
prefix  means ;  for  in  leeh&ndio  heiia  is  *  a  warrior  or  soldier,'  and  in  the  same 
lai^uage  ras  implies  rapidity  of  motion :  so  that  the  Ras^ena  and  H^e^rud 
would  be  as  good  names  for  a  warrior  tribe  as  ifodaf  fotvs  was  for  Achilles,  and 
Oi^s  for  a  troop  of  predaoeous  animals.     Another  identification  of  similar 
footi  must  be  equally  avoided.     Nothing  is  more  natural  at  first  sight  than 
to  suppose  that  the  names  iQwitviov^  Tarkynia,  Tbfyutmt,  are  harder  forms 
of  the  Pelasgian  Tvp<niy6s,    But  there  is  a  conclusive  reason  against  this 
assumed  identity,  which  has  not  yet  oocurred  to  any  philologer.    If  rapx"  or 
rpax*  and  rvp-w^  belonged  to  the  same  root,  the  latter  must  be  a  secondary 
or  assibilaled  form  of  the  other.  Now  to  say  nothing  of  the  fact  that  the  9-  of 
rv^arivos  and  rvp-^it  belongs  to  the  termination,  and  is  not  found  in  rvp^ 
aryof,  &c^  it  is  clear  that  the  form  rvp-^ijvof  is  the  only  one  which  was  ever 
known  to  the  Pelasgians  in  Greece,  whereas  the  harder  form  belongs  to  the 
later  or  mixed  race  in  Italy.    It  would  be,  therefore,  more  reasonable  to 
conclude  that  while  Tvp-^vdt  is  the  Pelasgian^  whether  in  Italy  or  Greecei 
the  Tar-ehcns  and  Tar-quins  belong  to  the  Etruscans  properly  so-called. 
Now  if  we  admit  thii,  we  at  once  fall  back  upon  the  Scandinavian  race. 
For  the  prefix  Tbr  or  2%or  is  a  certain  indication  of  the  presence  of  the 
North*men.   Thus  we  have  the  town  of  Tkor-igny  in  the  N.W.  of  Normandy, 
where  the  termination  is  the  same  as  that  of  many  other  towns  in  the  same 
district,  as  Farmignyj  Juvigny,  &c.,  and  corresponds  to  the  Danish  termina- 
tion -w^,  as  BeUinge^  Heuinge^  &c.  (Etienne  Boning,  Sur  la  Limite  mM^ 
dwnak  de  la  Manarchie  Dofwise.  Pari%  1849^  p.  9).   It  is  worthy  of  remark 
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tliat  the  word  -iit^,  which  is  appropriated  by  the  Ing-mwmeM^  AngU^  EngU^ 
and  other  pure  Low-German  tribes,  seems  to  signify  *  a  man/  or  '  a  warrior* 
(Grimm,  D,  M.  i.  p.  320),  and  as  quinna  is  the  Icelandic  for  mulier^  Tar^ 
ing  and  Tar-quin  are  antithetical  term^  The  Low-German  name  Tor-qvU 
is  probably  a  by-form  of  the  latter ;  at  any  rate  we  cannot  but  be  stmck  by 
the  resemblance  of  these  Northern  and  Etruscan  names.  The  mythicid 
TanaquU  of  Etruria  reminds  us  of  Tanaquuly  the  old  Scandinavian  name 
for  the  Tanais,  which  however  is  feminine  (Grimm,  D,  Gr,  iii.  385). 

It  is  obvious  that  we  cannot  expect  to  find  one  uniform  language  in  the 
Etruscan  Inscriptions,  which  belong  to  very  different  epochs,  and  are 
scattered  over  the  whole  of  the  territory  occupied  in  different  proportions  bj 
a  mixture  of  cognate  tribes.  In  the  most  ancient  fragments,  and  especially 
in  those  which  are  found  in  the  south  of  Etruria,  we  should  expect  to  find  m 
predominance  of  the  Pelasgian  element,  which  is  common  to  Greek  and 
Latin :  and  in  point  of  fact,  many  of  these  inscriptions  differ  little,  if  at  all» 
from  Archaic  Greek.  We  should  have  no  difficulty  about  the  remains  of  the 
Etruscan  language,  if  all  the  fragments  were  as  easily  deciphered  as  nU 
Kakdru  Juius^eiul  KaXaipov  Fvi6s,  In  some  we  find  not  only  the  Greek 
language,  but  the  Hexameter  line,  which  is  peculiar  to  the  Greeks ;  thus  we 
have,  in  the  Museum  at  Naples,  the  following  line :  mi  ni  Mulve  neke  VeUku, 
it  Piq^UanOy  *'  I  am  not  Mulva  nor  Volsinii,  but  Populonia;"  and  we  find  a 
complete  couplet  on  the  vase  found  by  Galassi  at  Cervetri : 

mi  m  ietkmma,  mi  matku  maram  Otiai  thipwenn  / 
eth*  erai  n«  tpana,  mi  nethu  noMttn  keiqfhu, 

^  I  am  not  dust,  I  am  ruddy  wine  on  funereal  ashes :  where  there  is  feasting 
under-ground,  I  am  water  for  thirsty  lips."  In  other  inscriptions  we  natu- 
rally find  a  nearer  approximation  to  the  Umbrian  language,  as  represented  by 
the  Eugubine  tables.  And  I  propose  to  show  that  where  we  cannot  derive 
any  assistance  from  Pelasgian  or  old  Italian  sources,  the  Scandinavian  lan- 
guages will  furnish  us  with  certain  and  ready  help.  I  must  premise,  how- 
ever, that  I  do  not  intend  to  engage  in  any  detailed  explanation  of  the 
Etruscan  inscriptions :  it  will  be  sufiKcient  for  my  present  purpose,  if  I  cam, 
by  a  few  decisive  instances,  establish  the  character  of  the  language,  and  thus 
confirm  the  other  proofs  of  Scandinavian  or  Gothic  affinity. 

With  this  view,  the  proper  mode  of  proceeding,  as  it  appears  to  me,  is  to 
begin  with  those  inscriptions  which  involve  repetitions  of  die  same  phrajseo* 
logy,  and  of  which  the />rtifu2.^id6  interpretation  is  most  simple  and  obvloua. 
When,  for  example,  we  find  on  sepulchres  such  inscriptions  as :  eea  nUhmeti 
Titnie  (Dennis,  i.  242.  p.  443),  or  eca  suihi  Lartkial  CUnia  (Dennis,  i.  p.  500), 
or  hehen  suthi  hinthiu  tkues  (Vermiglioli,  i.  p.  64),  or  eka  tuihi  amcie  TiHal 
( Vermigl.  i.  p.  73),  we  can  hardly  doubt  that  eka  and  kehen  are  either  adverbs 
or  pronouns  signifying  *  here  *  or  '  this,*  in  accordance  with  the  root  which 
appears  in  all  the  Indo-German  languages,  and  that  stUhi  implies  either 
lamentation  or  recollection.  Now  in  Icelandic  stU  is  dolor,  nujutUm ;  and,  in 
the  same  language,  nesla  or  hnesla*  is  funiSj  lagueus ;  so  that  we  might  trans- 
late eka  siUhinesl  Titnie  and  eka  suthi  jLafihial  CUnia  by :  <*  this  is  the  sorrow- 
ful inscription  for  Titinius,**  and  <<  this  is  the  mourning  for  Cilnius  the  son  of 
Larthius/'  If  this  were  an  isolated  parallelism  between  the  Scandinavian  and 
Etruscan,  it  would  prove  little  beyond  the  fact  that  there  is  a  certain  similarity 
of  sound  between  the  two  languages.    But  by  the  side  of  the  eka  or  keken 

*  In  the  transition  from  Icelandic  to  Swedish,  h  falls  away  before  all  consonants ;  thus 
hnyekr  becomes  ttyck,  &c  The  same  occurs  in  Latin,  as  in  re$  for  kra'ttf  from  Atr »  x^'P* 
The  root  of  hne-ila  is  ne,  the  termination  being  sis,  as  in  r^m-^Ai,  &c 
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ntihi  we  have  een  phlerei  tree  (Vermigl.  p*  31)  and  eha  erske  nak  achrum 
phler-thrke  (Dennis,  i.  xc.) ;  ^here  phleres  differs  from^t^t  in  being  the  de- 
signation of  moveable  objects  rather  than  of  fixed  monuments  or  sepulchres. 
Thus  we  have  ken  phleres  teke  (or  trke)  on  the  toga  of  the  statue  of  Aulas 
Metellus  (Micali,  AnHchi  Manumenti,  pi.  41^.  n.  2),  and  on  the  left  thigh  of 
the  laurel-crowned  Apollo  (Gori,  Museum  Etruscumy  u  pi.  82)  we  have  the 
legend :  mi  phleres  JSpul  aphe  Aritimiy,  PhasH  JRuphria  turce  clen  cecha. 
From  these  and  a  number  of  other  examples  it  is  clear  ihaX phleres  must  de- 
note the  object  offered  up  or  consecrated.     As  most  of  the  objects  are  of  the 
nature  of  supplicatory  gifts,  it  would  be  natural  to  suppose  that  the  word 
denotes  a  votive  oblation.     Now  we  know  from  Festus  (p.  230,  cf.  77, 109) 
that  ploro  and  imphro  or  endophro  in  old  Latin  signified  *  to  call  for  aid.' 
If  then  we  compare  the  Icelandic  Jieiri,  Suio-Gothic  /ierey  with  the  Latin 
plureSy  we  shall  easily  see  how  phleres  may  contain  the  same  root  as  plaro, 
especially  since  the  Latin  language  recognises  a  similar  change  in  the  cognate 
Jleo.    The  word  is  then  in  its  effect  equivalent  to  the  Greek  ayadfjfxay  and 
means  a  *'  votive  offering,"  like  the  votiva  tabeUa  of  the  ancient  temples,  or 
the  volo  of  the  modern  churches  in  Italy,  and  it  is  easy  to  see  how  the  ideas 
of  <  voiv,' '  prayer,'  and  <  offering,'  run  into  one  another.     But  though  we  can 
at  once  translate  mi  phleres  ^ml  aphe  Aritimiy  "  I  am  a  votive  offering  to 
Apollo  and  Artemis,"  this  does  not  tell  us  the  meaning  of  the  word  tree  or 
Mm,  which  in  the  other  cases  is  appended  to  phler  or  phleres.    Here  the 
Scandinavian  languages  at  once  come  to  our  aid ;  for  in  Suio-Gothic  traga 
IB  dolerey  and  tneffe^dolar ;  and  in  Icelandic  at  trega  is  desiderare  and  tregi 
is  dmderium  or  mcaror ;  and  to  the  same  root  we  may  refer  the  Icelandic 
threk=zgravis  labor  or  mdestiay  for  tregi  also  means  impedimentum.    Now 
as  the  monuments  on  which  three  or  tree  occurs  are  clearly  sepulchral,  it  fol- 
lows thalphler-thrce  must  mean  "a  votive  offering  of  sorrow."    The  inscrip- 
tion eka  erske  nak  achrum  phler-thrke  appears  on  an  amphora  found  at  Vulci 
and  in  connexion  with  a  picture  representing  the  farewell  embrace  of  Adme- 
tus  and  Alcestis.     It  may  be  assumed  then  that  the  amphora  was  a  funereal 
offering  froni  a  husband  to  his  deceased  wife.    We  learn  from  Galassi's  vase 
that  em  in  Etruscan  signifies  'earth,'  and  therefore  er-ske*  would  naturally 
denote  an  earthenware  vessel ;  nak  is  the  preposition  which,  under  the  form 
M,  nahey  nachy  occurs  in  all  the  Teutonic  and  Sclayonian  languages ;  and 
aeh-'um  is  the  locative  of  achr=ackery  ager,  which  occurs  in  the  great  Peru- 
gian  inscription ;  so  that  the  legend  signifies :  '<  this  earthen  vessel  in  the 
groand  is  a  votive  offering  of  sorrow."     It  is  as  well  to  mention  that  I  do  not 
consider  turce  on  the  statue  of  Apollo  as  connected  with  the  word  thrke :  its 
position  between  the  proper  name  and  the  well-known  clen  shows  that  it  is  a 
family  adjunct ;  and  as  the  word  eeea,  compared  with  cechaze  on  the  Peru- 
gian  Inscription  (1.  45),  and  with  cechase  on  the  Bomarzo   Sarcophagus 
(Dennb,  i.  p.  313),  seems  to  be  a  reduplicated  verb-form  (perhaps  akin  ta 
the  Icelandic  hasoy  Danish  kokascy  *  to  heap  up,'  or  '  build,' — ^perhaps  con- 
nected with  gefay  gebeny  x^Fo^y  &<^*)>  ^^  ^^Y  render  the  passage  thus: 
**Fastia  Eufriay  Tuscifilia  natu  maximoy  dedit.** 

It  is  not  necessary  for  my  present  purpose  to  pursue  these  comparisons  of 
individual  words  any  farther.  Arguments  of  this  nature  are  always  more  or 
leas  precarious,  and  no  number  ot  instances  would  be  more  decisive  than  the 
&ct  that  the  Scandinavian  sut=dolar  and  trage^dolar  stand  under  the  forms 
*vthi  and  treke  on  funereal  monuments  in  Etruria.  I  shall  therefore  with- 
hold the  other  examples  which  I  have  collected,  and  direct  your  attention  to  \ 

,  *  The  tennination  ^ia  is  very  common  in  derivative  Icelandic  noons,  as  iem^ka,  *  child-  i 
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a  grammatical  identity  between  the  Icelandic  and  Etniacan,  which  appean 
to  me  to  furnish  an  indisputable  proof  of  affinity. 

No  one  can  have  read  any  of  the  Runic  inscripUons  without  noticing  the 
constant  occurrence  of  the  auxiliary  or  causative  reihlaia;  thus  we  have: 
Liihtmoiker  lit  akva  tUn  aufiiJulibim  Path :  i.  e.  "  Lithsmotherus  incidi  fedt 
laxum  in  memoriam  Julibimi  patris.*'  TkorsUn  lit  gera  merki  tHr  Sum 
fiihur  sin :  i.  e.  *'  Thorstinus  notas  fieri  fecit  in  memoriam  Suini  patris  aai." 
UlfkUU uh  Kunk  Uni  Mr  litu  raim  sHn  ifHr  Vlffaihur  nni  i. e.  " Ulf- 
kitillus  et  Bos  et  Unius,  hi  fecerunt  extollere  saxum  in  memoriam  Suini  pa- 
tris sui."  (See  other  instances  in  Dieterich*s  JRunen-Sprach'Schatz,  p.  372.) 
Now  here  we  have,  as  part  of  a  constantly  recurring  phraseology,  an  auxiliary 
verb  signifying  '  to  let '  or  '  cause/  followed  by  an  infinitive  in  -a.  If  then 
we  had  nothing  else  to  induce  us  to  suppose  that  there  was  some  eomiexioii 
between  the  Scandinavians  and  Etruscans,  we  should  be  struck  by  the  coin- 
cidence that  the  largest  of  the  Etruscan  inscriptions,  that  of  Perugia,  actually 
begins  with  this  phraseology  i  **  eu  lot  tanna  La  Eezul  amev  ackt  LatOM 
VelMnoi"  Of  course  there  is  no  primd  facie  reason  to  conclude  that  Azftito 
is  a  verb ;  on  the  contrary,  I  am  well  aware  that  it  has  been  generally  con- 
sidered as  a  feminine  praenomen,  found,  for  example,  in  the  name  Tcma-fviL 
It  so  happens,  however,  that  I  have  recently  been  favoured  with  the  meant 
of  confirming  the  supposition  which  brings  this  celebrated  record  into  contact 
with  the  old  Runic  inscriptions.  A  small  patera,  brought  from  Chiuai  hj  mj 
friend  Mr.  J.  H.  Porteus  Oakes,  and  now  in  the  Bury  Museum,  contains  the 
following  legend  X  ^^stern  tenUaeih  nfaHaJ'  The  very  first  glance  at  this 
must  convince  us  that  imUa^  is  the  third  person  of  a  transitive  v^b,  the 
nominative  being  Nfatia,  probably  the  name  of  a  woman  (etCkqfhatiai^a  CSa^ 
faiia  naius  in  Dennis's  Bilingual  Inscription,  ii.  p.  475),  and  the  aocusaftiTe 
being  the  pronoun  stem  for  istam.  The  verb  tenilaeth  obviously  belongs  to  the 
same  class  of  forms  as  the  agglutinate  or  weak-perfects  in  Gothic,  which  are 
formed  by  the  affix  of  the  causative  -db,  as  sokt-da^  "  I  did  seek"  (Gabelenta  a. 
LObe,  Goth,  Gramm.  $  127).  We  have  the  same  formation  in  the  Latin  ven-d^, 
/WTMcio,  &c.,  and  I  have  indicated  the  existence  of  a  remarkable  class  of  can- 
sati ves  in  •«>,  •mot,  as  arces^so,  eapes'so^  qwB'-so  (  Varronian.  p.  807>  252).  We 
may  therefore  see  that  lat  tanna  represents  as  separate  words  what  tieni4aetk 
exhibits  in  an  agglutinate  fbrm,  the  auxiliary,  in  the  latter  case,  however,  being 
in  the  present  tense,  which  in  Gothic  is  formed  in  tk ;  and  lai  being  a  strong 
perfect.  With  regard  to  the  verb  tana^  teni,  it  is  clearly  the  same  as  the 
Icelandic  then,  at  thenia^tendere^  O.H.G.  dat^an^  denjan^  A.-8.  dXeig^a% 
N*H.G.  dehnen,  Gr.  reiVoi,  raphia,  Sanscrit  ton-,  and  therefore  signifies  '*  to 
offer/'  like  the  Latin  porrigo  or  porricio.  As  ten-do^  which  is  an  agglutinate 
form  quite  analogous  to  this  teni*lata,  is  really  synonymous  with porriffo*,  we 
have  in  the  cognate  and  conterminous  Latin  and  Etruscan  languages  a  per* 
feet  compendium  of  ritual  phraseology ;  and  stem  ienilaeth  ^rfixHa  is  quite 
as  near  to  istam  ten-dit  or  porrigii  NefaOa  as  we  should  d  priori  expect 
The  Perugian  inscription  is,  however,  even  nearer  to  the  Runic  than  this 
patera  legend  is  to  the  Latin ;  and  the  evidence  furnished  by  the  two,  taken 
t<^ether,  seems  to  me  conclusive.  Without  entering  upon  any  lengthened 
examination  of  the  Perugian  monument,  I  will  only  remark  that  MttfMe,  which 
occurs  in  other  Etruscan  inscriptions  (Vermiglioli,  p.  64),  is  best  translated 
by  a  reference  to  the  Icelandic  laut^zlocus  defossus^  so  that  the  beginning  of 
the  document  will  signify :  «<  Here  Lars  Reesial  let  offer  or  give  a  sepulchral 
{amUf  Icehx^ango)  field  as  the  grave  of  Felthina."    As  we  have  elsewhere 

*  Thus  ws  haye  (Cto.  dt  Ormt.  i.  40,  ( 184)  s  **  pnesidium  dientibiu  ttque  opem  sitddset 
prope  cunctis  dvibus  lucem  ingenii  et  consilU  mai  porri^entem  alqae  ttnAmtewi/* 
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kminude  (Vermiglioli,  p.  64),  so  we  have  shortly  after  hemulndeshidf  and  it 
would  be  curious  if  it  were  only  by  an  accidental  coincidence  that  kunU  is 
the  regular  Runic  name  for  a  monumental  stone :  thus  we  have  hu  lit  rasa 
htmlf  i.  e.  **  Bos  fecit  erigere  monumentum "  (Dieterich's  Runen-Sprach^ 
Schatz,  p.  124). 

The  companion  patera  or  saucer  to  that  which  I  have  just  examined  con- 
tains an  inscription,  of  which  a  fac-simile  has  been  kindly  sent  to  me  by  its 
possessor,  Mr.  Beckford  Bevan,  and  which  tends  to  confirm  what  I  have  just 
said.  The  words  are :  flenim  dekindl  Qm-tf-lan^.  In  Icelandic  flenna 
is=sAt£tfttf,  ehasma,  so  ihsAjlenim  taajsaptiteram,  \>am=egelida  6b9curUa$ 
aerit;  eef=zmorm;  and  ktn  (ai  ldna)s=fntUuum  dare^  credere^  ammodare^ 
English  iendy — so  that  the  compound  verb  may  denote, ''  he  kndeih  for  a  dark 
dwelling/'  and  the  inscription  means :  ITtekindul  datpateram  ad  commoratu 
dum  in  tendnis.  The  Icelandic  has  compounds  of  nouns  and  verbs^  as 
kaUhogffroj  'to  behead,'  and  also  of  verbs  with  other  verbs,  as  hrenni* 
mtrkja^ '  to  brand/ 

And  here  I  must  conclude  this  paper.  It  was  not  my  intention  to  discuss 
at  length  all  the  topics  on  which  I  have  touched.  To  do  this,  I  must  have 
written  a  volume.  Enough  has,  I  think,  been  said  for  the  fulfilment  of  the 
object  which  I  proposed  to  myself  at  starting— namely,  to  indicate  the  direc- 
tion of  my  own  researches,  and  to  invite  either  sympathy  or  correction  from 
those  who  are  engaged  like  myself  as  labourers  in  the  great  vineyard  of 
ethnographic  philology. 


Report  on  the  British  Amielida.  By  Thomas  Williams^  MJ). 
Land.  University^  Extra  Licentiate  of  the  Royal  College  of  PAy- 
sidans,  and  formerly  Demonstrator  on  Structural  Anatomy  at  Guy's 
Hospital. 

Historical  Introduction. 

Ihto  the  nomenclature  of  Zoology  the  word  ^Annelida*  is  of  comparatively 
recent  introduction.  Ancient  naturalists  adopted  the  term  Vermis,  plun 
Vermes  »  Wormst  as  denotive,  generally,  of  all  lower  animals  resembling 
in  form  the  leech  and  the  earth*worm.  In  this  uncircumscribed  acceptation 
tiie  hitter  word  prevailed  in  use  among  naturalists  down  to  the  epoch  of  the 
writings  of  Lamarck.  Appellations  no  less  indefinite  were  employed  by 
the  Greeks  in  characterizing  all  forms  of  animals  dbtinguished  by  soft  and 
elongated  bodies.  The  words  (TK&lkrii,  eiXac,  iKyavs,  were  used  by  the  Greek 
writers  as  names  of  different  animals  marked  by  the  common  character  of  a 
vermiform  figure.  The  aKitkiil  of  AristoUe  is  evidently  paronymous  with  the 
Latin  Vermis^  and  this  hitter  word  is  conjugate  with  verto,  to  turn,  =  i.  e.  tor^ 
tews.  All  animals  whose  movements  were  tortuous,  were  known  under  this 
designation.  The  Aristotelian  word  probably  related  only  to  the  larva  of 
ioseets.  The  Scolex  of  ^lian,  however,  is  limited  in  its  application  to  the 
earth-worm :  by  Ctesias,  a  still  more  ancient  author,  the  same  expression 
ooBveys  the  idea  of  some  fabulous  animal,  engendered  and  nourished  in 
.  wood.  The  Scolessia  of  Athenaeus  denotes  a  parasitic  worm  peculiar  to  the 
male. 

The  second  Greek  term,  th\a\,  seems  to  have  been  one  of  less  extended 
employment^  and  to  have  been  restricted  in  its  application  to  the  larva  of 
insects.    In  many  of  the  works  of  Hippocrates,  the  word  iKfitvs  occurs  as 
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the  definite  designation  of  the  claw  of  animals  now  known  as  the 
wofvu*  By  £lian  and  Aristotle,  this  term  has  also  been  employed  ander 
the  same  signification.  The  Vermis  of  Pliny  comprehends  in  extent  of 
meaning  the  three  Greek  terms  already  explained,  and  by  this  illustrious 
naturali»t  it  was  that  the  intestinal  worms  were  first  grouped  under  the 
special  denomination  of  "  lumbricus,*'  the  Vermes  of  Pliny  having  a  co- exten- 
sion of  meaning  with  the  modern  term  toorms.  Neither  this  word  nor  the 
French  vers,  both  of  which  are  traceable  to  a  Latin  origin,  conveyed  any 
cleariy  bounded  ideas  as  to  the  zoological  place  and  form  of  the  animals  of 
which  they  became  the  conventional  names.  In  the  writings  of  Lucretius, 
the  word  Vermes  is  thus  used :  "  Vidert  licet  vivas  exisiere  Vermes  stereore 
de  tetroJ*  In  the  works  of  Celsus,  the  substantive  Lumbrieus  occurs  in  the 
following  sense,  "  terram  rimentur,  efiodiantque  lumbricos." 

Der  Wurm  of  the  Germans,  Vers  of  the  French,  and  Worms  of  the  £n« 
glish,  are  in  the  vernacular  of  these  three  people  no  doubt  representative  or 
equivalent  expressions,  all  employed  in  an  equally  confused  acceptation. 
Among  the  Romans,  the  generic  name  of  Exsangmnia  was  subsequently  in- 
troduced to  signify  those  animals,  previously  comprehended  under  the  all- 
embracing  denomination  of  Vermes^  of  which  the  blood  was  colourless,  Tiz. 
the  Insecta,  MoUusca  and  Zoophyta  of  modern  zoology.  It  was  not,  how- 
ever, until  the  era  of  the  naturalists  of  the  last  century  that  the  old  Latin 
word  Vermes  reached  the  full  vagueness  of  its  sense.  In  consequence  of 
having  united  in  the  definition  of  the  term,  the  consideration  of  the  sofbtesa 
of  the  body  to  that  of  its  elongated  form,  it  came  to  embrace  in  the  range  of 
its  application  all  animals,  except  the  Vertebrata,  Insecta,  and  Crustacea. 
To  the  authority  of  Linnaeus  is  ascribed  by  Cuvier  this  undue  extension  of 
the  word,  since  anteriorly  to  the  epoch  of  the  Swedish  naturalist,  Isidore  of 
Seville  had  grouped  under  the  class  Vermes  such  animals  only  as  might  with 
zoological  propriety  have  received  that  appellation. 

To  the  ancients,  the  marine  worms  circumscribed  within  the  modem  class 
Annelida  were  almost  wholly  unknown.  The  Nereides  are  probably  identi- 
cal with  the  marine  Scolopendrte  of  Aristotle ;  leeches  and  intestinal  worms 
were  also  familiar  to  this  author.  In  the  writings  of  i^lian,  Oppian,  Dioa- 
corides  and  Galen,  and  even  those  of  Pliny,  no  additions  to  the  natural  hiatoiy 
of  these  animals  occur.  By  each,  the  sagacious  statements  of  Aristotle  are 
servilely  copied  or  grossly  exaggerated.  By  Isidore  of  Seville,  the  attempt 
was  first  made  to  classify  the  Lumbrici,  Ascarides,  leeches  and  flesh-worms 
in  an  independent  group.  In  his  work  on  the  Animals  exsangmnia^  Albertus 
Magnus  alludes  to  the  leech  and  the  earth-worm  in  alphabetical  order. 
Wotton  has  not  extended  the  number  of  the  animals  of  this  class,  and  only 
speaks  of  the  Nereides  under  the  name  of  Marine  ScolopendrtB  in  his  book 
upon  Insects ; — of  leeches  among  the  fish ;  and  of  earthworms  under  the 
name  of  intestini  terrcBy  as  well  as  of  intestinal  worms  under  the  generic  de- 
nomination of  Lumbrici,  Elmins  of  the  Greeks,  among  the  insects.  Belon, 
in  his  History  of  Aquatic  Animals,  mentions  for  the  first  time  under  the  phrase 
lumbrieus  marinus,  in  opposition  to  the  earth-worm,  which  he  names  /um- 
bricus  terrestris,  the  worm  which  is  now  known  as  Arenicola  PisccUorum^  It 
is  susceptible  of  historical  proof  that  to  Rondelet  is  due  the  merit  of  having 
first  clearly  defined  the  genera  of  marine  Annelids  now  characterized  as  the 
Nereides,  In  his  work,  under  the  head  of  Sea-Scolopendra,  figures  of  these 
worms  occur.  By  the  same  acute  observer,  a  genus  of  tubicolous  Annelids, 
probably  identical  with  our  Serpulee,  was  also  definitively  described'*'.  About 
this  period  a  useful  compilation,  under  the  heads  Vermis  and  ScolopendrsBy 
*  See  Supplement  to  Griffith's  edition  of  Cuvier,  vol.  xiii. 
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appeared  from  the  pen  of  Gesner,  presenting  a  synoptic  view  of  the  state  of 
knowledge  with  reference  to  this  class  of  animals.  The  alphabetical  order 
observed  by  Gesner  in  the  arrangement  of  the  Vermes^  was  violated  by  Al- 
drovandas.  It  is  remarked  by  Cuvier  as  singular,  that  to  Aldrovandus  and 
hisdiscipliis  the  Chaetopodaof  Gesner,  and  the  setigerous  Annelida  of  recent 
observers,  should  have  been  unknown  ;  and  no  less  is  it  to  be  wondered  at» 
that  this  writer  and  his  abrtdgers  were  unacquainted  with  the  deep  differences 
of  zoological  characters  which  separate  the  slug  from  the  earth-worm— a  di- 
stiDction,  too,  which  Isidore  of  Seville  had  already  precisely  defined — ("  Ver'^ 
mis  Umax  dictus  eo  qttod  in  limo  nascitury  unde  et  sordidus  semper  et  immun" 
dm  kabetur**^.  The  ChsBtopoda,  or  setiferous  worms,  are  however  mentioned 
in  the  seventh  book  of  Aldrovandus,  in  allusion  to  aquatic  insects.  The  * 
Nereids  are  comprised  under  the  appellation  of  Sea-Scolopendrce,  The  Gor^ 
dius  is  called  ^*seta  vel  vitalis  aquations,**  and  which  has  been  denominated 
Crordius  from  the  habit  of  twisting  itself  up  like  the  Gordian  knot  The 
Ololygon  of  Theon  appears  tu  have  been  the  same  worm.  By  this  author 
VtkeS^ntncuIi  of  Rondelet  are  spoken  of  as  sea-leeches ;  under  the  same  name 
■re  characterized  the  Arenicola  of  Belon.  The  epoch  of  Ray  had  now  ar- 
rived, distinguished  as  it  was  by  a  radical  regeneration  of  natural  science. 
In  the  group  Insecta  of  Ray  were  comprehended  all  articulate  animals : 
amongst  other  subdivisions  of  this  class,  that  of  the  Apoda^  including  those 
worms  which  live  in  the  earth,  and  that  of  IntestifKB^  those  which  infest  the 
bodies  of  animals,  may  be  recognised.  Under  the  head  Insecta  terrestrioy  Ray 
ranks  (the  Myriapods)  the  true  Scolopendrse ;  and  in  his  aquatic  division  of 
Insecta,  the  Sea-Scolopendrse  or  Nereids  occur.  In  the  first  edition  of  his 
^Systema  Natures,'  Linnseus  extended  the  term  Vermis  to  all  animals  except 
the  Vertebrata  and  Insecta ;  excluding  however  the  insect-worms  of  Ray  from 
kis  class  Vermis.  After  this  first  essay  appeared  an  account  of  the  genera 
AmpHtrtte,  Hereis  and  Aphrodita,  which  belong  to  the  Cbaetopoda.  In  the 
subsequent  edition  of  Linnaeus,  the  name  Intestina  was  substituted  for  Rep- 
tilla  for  the  first  order.  In  a  following  edition  the  class  of  Worms  is  sub- 
divided into  five  orders — Intestina,  Mollusca,  Testacea,  Lithophyta,  and 
Zoophyta,  and  the  genera  which  at  present  constitute  the  class  of  red-blooded 
worms  were  parcelled  out,  some  as  Lumbricus  and  Hirudo  in  the  first  order ; 
others,  as  Tmbella,  Aphrodita  and  Nereis,  in  the  second ;  and  finally,  some,  as 
Serpula  and  SabeUa,  in  the  fourth,  in  consequence  of  the  tube  in  which  they 
Htc.  The  true  zoological  limits  of  the  Annelida  were,  however,  only  con- 
fiisedly  determined  by  the  observers  of  nature  antecedently  to  the  time  of 
Fallas  (1766).  To  the  sagacity  and  industry  of  this  naturalist,  science  is 
indebted  for  the  first  clear  definition  of  the  boundaries  of  this  class.  By  his 
successful  researches  on  the  Aphrodita,  the  Nereides  and  the  Serpulcs^  a 
Boaterial  advanc  was  imparted  to  the  knowledge  of  the  Annelida  as  a  class. 
He  recognised  the  principle,  that  the  presence  or  absence  of  a  calcareous  en- 
velope did  not  constitute  a  sufiicient  ground  for  placing  in  two  separate 
orders  animals  which  in,  other  respects  are  similarly  organized.  The  Aphro' 
^ites  and  Nereids  of  the  order  MoUusca  of  Linnaeus,  and  the  SerpuMs  and 
A»phiiTiUB  of  his  order  Te^acea,  were  accordingly  grouped  into  a  single 
order,  through  which  lay  the  passage  to  the  Zoophytes.  To  this  order  were 
^  annexed  the  Hirudines,  Lumbrici,  the  Ascarides,  the  Gordius,  and  the 
TienuE.  The  data  thus  accumulated  by  Pallas  constitute  the  foundation  of  the 
modem  classification  of  the  Worm-tribe. 

After  this  the  Nereids  were  made  the  subject  of  extensive  inquiries  by  the 
two  Danish  philosophers,  O.  T.  Miiller  and  O.  Fabricius.  By  these  authors 
additioDB  were  also  made  to  the  history  of  the  Naides  and  Amphitriies. 

1851.  M 
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Blumenbach  it  was  who  first  obsierved  that  true  wonns  are  in  no  ioiti&tt 
distinguished  by  the  poasesMion  of  artieukUed  organs  of  motion*  a  negatin 
character  in  which  they  are  separated  from  all  insects  and  Crustacea.  Aid- 
ditions  to  the  number  of  genera  at  this  period  were  made  by  Gmelin  in  his 
new  edition  of  the  *  Systema  Nature/ 

Under  the  name  of  Worms,  Cuvier,  in  the  year  1798,  in  his  Syndpiis  d 
Animals,  introduces  a  chapter  in  which  the  Vermes  of  Linnaeus  are  preieoted 
under  two  leading  groups,  of  which  one  includes  those  worms  in  which  Uie 
setSB  or  spines  for  locomotion  are  present ;  and  the  other  those  in  which  theie 
organs  are  absent :  thus  were  first  instituted  the  two  orders  Chaiopoda  and 
Jlpotla^  a  distinction  afterwards  adopted  by  M.  de  Blainville.  Cuvier  tiiui  fol- 
•  lowed  in  the  direction  first  indicated  by  rallas,  and  abandoning  the  yieviaf 
LinnsBus,  returned  to  the  adoption  of  those  of  Aldrovandus,  Mouffe^ud 
Ray. 

Even  at  this  period  in  the  history  of  invertebrated  animals,  which  afte^ 
wards  he  himself  was  destined  so  remarkably  to  extend,  Cuvier  taw,  tbongk 
only  with  dim  insight,  the  necessity  of  separating  the  Entosoa  (which  at  tiie 
time  could  be  thrown  only  into  a  sort  of  imceria  tedes)  from  the  true  wonns. 
In  the  year  1802,  in  a  memoir  read  before  the  <  Institute '  on  the  orgsniia' 
lion  of  the  Chaiopoda,  M.  Cuvier  first  proposed  to  designate  this  division  oader 
the  phrase  red-blooded  worms,  adding  to  it  the  genera  Hirudo  and  Lumbnau^ 
It  was  about  this  time  that  M.  de  I^marck  defined  with  increased  cleanM 
the  line  indicated  by  Cuvier  which  divided  the  Chatapoda  from  the  ItUatiM» 
A  new  era  in  the  history  of  the  Annelida  was  now  about  to  occur,  ^^l^^ 
in  the  year  1812  that  the  class-name  Annetides  sprang  from  the  fertile  «m 
inventive  fancy  of  M.  de  Lamarck.  By  this  denomination,  through  yariov 
nmtations,  the  Worm-tribe  has  ever  since  been  known  among  naturalist 

Nomenclature, — The  word  Atmelides,  invented  by  M.  de  Lamarck,  un 
adopted  by  M.  Bruguidre  in  his  excellent  article  in  the  French  Eucyclopi^ 
dia,  by  M.  de  Blainville,  by  M.  de  Savigny,  and  Milne-Edwards,  is  pnMl 
derived  from  the  Latin  anneUus,  to  which  has  been  affixed  the  Greek  temh 
nation  eidos.  It  is  therefore  a  compound  epithet  of  illegitimate  constniolMfr 
for  the  rules  governing  the  formation  of  new  words  require  that  the  OMH^ 
tuent  etjfmons  should  be  drawn  from  the  same  language.  It  is  not  a  powj 
French  word,  for  the  substantive  anndet  is  used  in  French  to  signify  the  ^ 
minutive  of  ring.  It  is  not  a  Latin  word,  for  the  substantive  atrnttf,  i*^^ 
cuius,  gives  the  participle  annulata,  and  this  is  the  name  which  Mr.Mscbaf 
has  preferred*. 

The  Vermes  of  Linnaus,  then,  became  the  Vers  d  sang  rouge  of  the  ein/ 
editions  of  the  'Regne  Animal' :  iheAnnelides  of  Lamarck,  Blainville,  Sa|^ 
Fleming,  Audouin  and  Milne^Edwards,  has  settled  into  the  latinixed  Mif^^ 
of  all  English  authors  on  comparative  anatomy ;  a  word,  however  ung***' 
matical,  which  has  grown  into  universal  and  unalterable  employment  ssMMig 
all  modern  naturalists. 

Zoological  position  rf  the  Class^'-^The  attempt  to  allocate  animals  io  &  ^^^ 
series  from  the  zoophyte  to  the  mammal  has  led  to  many  false  distribution 
of  classes ;  nor  is  it  yet  manifest  that  the  truly  natural  principle  of  *^^ 
ment  has  been  evolved  out  of  the  wondrously  accumulated  data  of  wod^ 
science.  Neither  the  nervous  nor  the  circulatory  system  is  availably;  ^^  ^ 
inferior  extreme  of  the  scale,  as  a  groundwork  of  classification.  ^^^^^ 
tended  researches  on  the  homology  of  the  nutritious  fluids  of  the  l^^^^ 
recently  conducted  by  the  authorf,  it  is  certain  that  below  the  Echiaoaer- 

*  Annals  and  Mag.  of  Nat.  Hist,  vol  iv.  p.  385.  ,.,^ 

t  For  a  fall  itstcmcnt  of  thsis  observatioos,  see  Art,  Fulmo,  Cydop.  Aj^wi^^J^^^^ 
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iqata  do  trae  blood  -exists,  defioing  the  blood  as  a  fluid  circulatiDg  in  a  di- 
fitiocUy  and  independently  organized  system  of  vessels.  In  the  Zoophytes 
aqd  AealephsB,  the  blood  is  replaced  by  a  iiuid,  the  basis  of  which  is  sea- 
vater.  In  the  organism  of  the  Echinoderm  and  the  Annelid,  notwithstanding 
the  superaddition  of  a  distinct  system  of  vessels  for  the  blood  proper,  this 
fluid,  the  characters  of  which  will  be  afterwards  described,  constitutes  an  or- 
pofwc  xoplogical  character  more  significant  of  locality  in  the  series  than  any 
other  single  element  of  structure.  Guided  by  the  affinities  of  this  important 
fluid]  the  naturalist  may  discover  unquestionable  points  of  serial  approxima- 
tioii  between  the  Annelid  and  Echinoderm  through  the  SipunaUukB  on  one 
aide ;  at  another  aqgle  of  thcgroup,  the  Aphrodiia  actdeata  exhibits  the  most 
striking  ro«emblance  in  structure  (the  mere  outward  form  excepted)  to  the 

In  another  direction  the  Annelida  approach  the  inferior  MoUusca.  Many 
feature^  of  anal<^y  exist  between  the  Tunicata  and  the  Eohinodermata 
through  t)ie  genus  PeUmak^  which  in  its  general  form  and  in  some  structural 
characten  betrays  an  obvious  tendency  towards  the  SipuneuheUe,  whilst  in 
other  respects  in  that  group  an  undoubted  approximation  is  traceable  to  the 
aaoolose  division,  in  the  appearance  of  a  disposition  to  bilateral  symmetry  in 
the  packing  of  the  viscera  and  the  transverse  segmentation  of  the  external 
tqiiic  Among  the  Gasteropod  Molluscs,  as  originally  indicated  by  Milne- 
Edwards^,  an  approach  is  made  through  the  Chitons  in  the  direction  of  the 
ammlose  families.  It  was  M.  de  Blainville,  however,  who  first  suspected  this 
alliance,  and  accordingly  constituted  a  special  group,  transitional  between  the 
MoUttsea  and  A  nnelida,  under  the  name  of  Polyplaxiphora.  In  the  transverse 
segmentation  of  the  shell  of  the  Chitons,  a  remarkable  resemblance  is  offered 
to  the  Goverjug  of  an  articulated  animal :  nor  is  this  resemblance  limited  to  the 
ihdl,  for  its  several  parts  arc  connected  together  by  means  of  a  complex 
nmieular  apparatus,  which  enables  the  animal  to  move  them  one  upon  the 
Other  ip  sueh  a  manner  as  to  roll  itself  up  into  a  ball :  nor  are  there  wanting 
other  similarities  of  external  structure ;  the  generative  apparatus  presents  a 
^flunetrical  arrangement  after  the  type  rather  of  that  of  the  Annelid  than 
<^that  of  the  Mollusc  The  heart  occurs  under  the  character  of  a  pulsatile 
donal  vesae),  indicative  of  another  affinity  to  the  Annulosa.  In  the  ChikH 
atfivi  the  tendency  to  the  transverse  division  of  the  body  is  still  more  signi* 
fieaatly  marked*  Here  the  shell  is  not  sufficiently  developed  to  cover  the 
domua  of  the  animal,  yet  its  several  rudimentary  pieces  are  disposed  at 
ngalar  intervals  like  the  scales  of  the  Aphrodite ;  the  vermiform  elongation 
of  the  body  is  more  decided,  and  the  circulating  system  is  still  more  obviously 
ooQstnieted  on  the  plan  of  that  of  the  Annelid.  The  respiratory  and  digest- 
ive organs,  and  the  lingual  apparatus  on  the  other  hand,  remind  us,  as  sug«- 
aby  Prof.  Forbes,  of  the  corresponding  organs  of  the  Prosobrtmehiate 
icsy  wliile  the  creeping  disc  is  that  of  a  true  Gasteropod. 

It  is  a  subject  of  surprise  that  the  DeniaHadaj  the  molluscan  nature  of 
vlpch  Is  now  so  conclusively  established,  should  have  received,  in  the  last 
Freoeh  edition  of  the  ^R^ne  Animalf/  a  place  among  the  tubieolous  Anne* 
lida.  The  researehes  of  Deahayea  and  Savigny,  and  more  satisfactorily  those 
<^M.  de  Blainville  and  Mr*  Churk|,  have  abundantly  proved  that  these 

*  Mem.  on  the  CUssificatioii  of  the  Gaateronoda,  in  Ann.  des  Sd.  Nat.  S«r.  iii.  Zool. 
i»«Lix.p.l02. 

t  Tha  is  by  ftr  the  most  perfect  and  elaborate  edition  of  this  great  work  ever  published, 
tM  e^loediip  of  which  has  been  condiicted  by  the  disciples  of  Cuvier.  It  is  known  as  Cro- 
chtt^'iSditioii, 

}  Sea  Aonsla  qC  Natuna  History,  Nov.  1849. 
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Gasteropoda  should  rank  somewhere  between  the  Chiton  and  PaieUa,  In 
DentaUum^  the  symmetrica]  subventral  posiUon  of  the  branchiae,  the  posterior 
flow  into  them  of  the  water,  and  the  resemblance  of  the  foot  to  that  of  some 
of  the  bivalves,  appear  in  a  striking  manner  to  prove  its  connection  with  the 
ConchifersB;  whilst  by  its  oesophageal  cerebral  ganglions,  and  the  completeness 
of  its  circulating  system,  its  affinity  to  the  Gasteropod  is  established.  But  it 
cannot  be  disputed  that  there  are,  on  the  other  hand,  evidences  of  approxima- 
tion to  the  Annulose  tribes ;  the  red  blood,  and  the  vermiform  configuration 
of  the  posterior  part  of  the  body,  the  tubular  figure  of  the  shell,  the  operation 
of  the  operculum,  the  apparent  resemblance  of  the  branchiae  to  those  of  the 
SabeUa,  may  be  readily  conceived  as  prefiguring  some  of  the  outward  features 
of  the  Annelida.  These  points  of  analogy  however  are  merely  apparent  and 
8upd)*ficial ;  the  Dentaliada  are  therefore  hereby  excluded  from  the  pale  of 
this  Report. 

Both  Cuvier  and  Lamarck  saw  in  the  Cyclostomatous  fishes  indications  of 
resemblance  to  the  Annulose  tribes.  In  the  anatomy  of  As/nphioxus  there 
exists  only  one  fact  of  structure  which  likens  it  to  the  Annelid.  The  circu- 
lating system  consists  of  two  longitudinal  trunks,  a  dorsal  and  ventral;  the 
movement  of  the  blood,  however,  being  the  exact  reverse  of  that  of  the  An- 
nelids ;  the  current  in  the  dorsal  vessels  sets  in  the  direction  of  the  tail,  that 
in  the  ventral  forwards  !  The  affinities  of  the  Amphioxus,  indeed,  connect  it 
much  more  intimately  with  the  Ascidian  Mollusk  than  with  the  Annelid. 

The  data  to  be  advanced  in  the  subsequent  portions  of  this  Report  will 
prove  that  a  much  clever  analogy  exists  between  the  Annelida  and  the  Ento- 
zoa  than  that  which  is  implied  in  the  received  divisions  of  systematic  natu- 
ralists. It  will  be  shown  that  in  every  detail  of  organization  the  Cestoid  £n- 
tozoa  link  directly  with  the  genera  Borlasia  and  Lineus,  both  of  which  rank  in 
the  family  of  the  Planarits.  The  disposition  of  the  intestine,  the  peculiar  situ- 
ation of  the  chylo-aqueous  fluid,  the  curving  of  the  intestine  as  in  the  SipuneW' 
lidcRi  the  corpuscles  of  the  chylo-aqueous  fluid  in  these  latter  marine  worms, 
establish  between  them  and  Tcenia  an  immediate  relationship.  But  the  au- 
thor has  proved  that  in  the  Pianari^  the  caecal  ramifications  of  the  digestive 
system  are  not^  as  taught  by  Owen  and  all  other  comparative  anatomists, 
adherent  to  the  parenchyma  of  the  body ;  for  a  fluid,  rendered  visible  by 
moving  corpuscles,  intervenes  and  is  set  in  motion  as  in  the  Echinoderms  by 
vibratile  cilia.  This  fluid,  of  which  much  more  will  hereafter  be  stated, 
exbts  also  in  the  Cestoid  Entozoa,  and  suggests  doubts  as  to  the  propriety  of 
the  nomenclature  of  Prof*  Owen,  in  which  they  are  characterized  as  soUd- 
foormsy  or  Sterelmintha. 

In  the  Nematoid  Entozoa,  the  space  between  the  intestine  and  integument 

is  more  capacious  and  filled  with  a  much  larger  amount  of  that  fluid,  which 

In  this  Report  it  is  proposed  to  distinguish  under  the  name  of  Chi/lo-aqueous 

fluid.     This  division  of  the  Entozoa  is  denominated  by  Professor  Owen  the 

Cceielmintha  or  cavitary  worms. 

Notwithstanding  the  recent  excellent  researches  of  M.  Blanchard*,  the 
difficulties  raised  by  the  investigations  of  the  author  of  this  Report  on  the 
structure  of  the  allied  genera  of  Annelida,  will  demand  a  re-examination  of  the 
whole  class  of  Entozoa.  Impressed  at  present  in  a  strong  manner  with  the 
conception  of  the  essential  unity  of  the  type  on  which  the  Entozoa  and  Anne- 
lida are  constructed,  we  applaud  the  caution  and  doubt  with  which  Professor 
Owenf  speaks  as  to  the  place  in  the  zoological  series  in  which  the  Entozoa  are 
made  at  present  to  stand.  "  These  anim^  are  associated  together  chiefly  in 
consequence  of  a  similarity  of  local  habitation,  which  are  the  internal  parts 
*  Ann.  des  ScL  Nat.  1849.  f  See  Art.  EiUotoaf  Cyclop.  Anat.  and  Physiology. 
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of  animals.  In  treating  therefore  of  the  organization  of  these  parasites,  we 
are  compelled  to  consider  them,  not  as  a  class  of  animals,  established  on  any 
eoramon,  exclusive  or  intelligible  characters,  but  as  inhabitants  of  a  peculiar 
district  or  country."  In  the  progress  of  this  Memoir  it  will  be  rendered  in- 
disputable,  that  if  the  *  denominations '  established  by  the  learned  Hunterian 
PlrofesBor  among  the  £ntozoa  be  applicable  and  rightful  on  the  ground  of 
anatomical  structure,  the  same  terms,  on  the  same  plea,  will  become  avail- 
able in  the  methodical  distribution  of  the  Annelida.  Anatomical  inquiries 
aiford  no  sanction  to  the  use  of  these  phrases :  There  is  no  solid  annelid, 
neither  is  there  Asolid  Entozoon. — Why  then  perpetuate  the  employment  of 
terms  productive  only  of  false  conceptions  ?  Difference  of  habitat  neither 
soggests  nor  requires  a  corresponding  difference  of  organization :  apecies  of 
the  same  genus,  and  nearly  allied,  are  frequently  found  to  maintain  existence 
under  very  diverse  physical  condit-ons.  The  inference  is,  therefore,  even 
^  priori  probable  and  just,  which  demurs  tu  the  separation  of  the  Entozoa 
from  the  Annelida  on  the  ground  of  a  difference  in  the  outward  (circumstances 
of  existence;  nor  is  the  propriety  of  such  division  yet  clearly  sanctioned  by 
the  evidence  drawn  from  anatomy.  There  is  no  single  trait  by  which  the 
separation  is  so  much  justified  as  in  that  of  the  absence  in  the  Entozoa  of  the 
transverse  annuli  so  characteristic  of  the  true  annelid. 

From  these  observations  it  must  be  evident,  that  the  interposition,  as  has 
been  done  by  Dr.  Carpenter*,  of  the  Rotifera  l^etween  the  Entozoa  and  An- 
nelida, can  only  be  regarded  as  the  putting  asunder,  on  hypothetic  principles, 
those  whom  nature  has  intimately  united  in  the  bonds  of  consanguinity. 

Surveying  the  Worm-class  in  its  affinities  to  those,  superior  to  the  Anneli- 
dan  standaid  in  the  scale,  the  eye  encounters  the  highest  forms  of  the  arti- 
eaUte  type.  In  the  structure  of  the  Annelida  and  the  Myriapoda,  marks  of  a 
coomiunity  of  plan  may  be  readily  discerned.  The  leech  and  the  earth-worm 
on  one  side,  and  ItUus  on  the  other,  occupy  the  verge  of  the  frontier-line 
diriding  these  two  articulate  families.  Neither  the  leech  nor  the  earth-worm 
is  provided  with  any  special  organs  for  atmospheric  respiration.  The  so- 
called  respinUorp  saectUi  have  nothing  whatever  to  do  with  the  respiratory 
process ;  and  though  from  the  date  of  the  early  Essays  of  Dugds  to  the  pre- 
lent  time,  they  have  received  the  fondest  marks  of  attention  from  every  suc- 
eeeding  anatomist,  as  beautiful  evidences  of  design,  fitting  these  humble 
vonns  for  the  douUe  luxuries  of  an  amphibious  life  ;  to  these  parts,  hence- 
forth, must  be  assigned  a  far  different  function. 

It  is  only  in  this  particular  that  the  leech  and  the  earth-worm,  whose  orga- 
nization is  singularly  similar,  stand  distinguished  from  all  other  Annelida ; 
that  in  them,  more  especially  in  the  leech,  the  intestine  is  so  uniformly  ad- 
herent to  the  integument  as  to  preclude  the  existence  of  the  chylo-aqueous 
fluid.  The  intestine  is  joined  to  the  integument  by  means  of  a  tbick  spongy 
hiyer,  blended  intimately  with  pigmentary  epithelium,  and  composed  of  ca- 
pillary blood-vessels.  77ii8  is  the  true  apparatus  of  respiration,  and  the  me- 
chanism of  its  function  will  be  afterwards  explained.  Tiie  general  proposi- 
tion may  here  be  enounced,  that,  in  all  Annelids,  the  true  blood  system  and 
that  of  the  chylo-aqueous  fluid  are  inversely  proportional  to  each  other. 
Ihe  greater  the  amount  of  the  latter,  the  less  the  complexity  of  the  former, 
and  eoQversely.  In  the  leech  the  peripheral  circulation  is  densely  complex, 
and  the  chylo-aqueous  fluid  is  superseded.  In  the  earth-worm  the  latter 
fluid  is  present  in  small  amount,  and  the  proper  blood  system  is,  in  this  pro- 
portion, less  elaborately  developed.  Between  these  two  important  systems  of 
nutritions  fluids,  there  exists  in  the  economy  of  the  Annelida  a  wonderful 
*  See  Principles  of  Physiology,  1851. 
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physiological  balance ;  it  is  a  subject  which  conducts  to  a  new  path  of  ilK 
quiry.  The  problem  of  organization  in  the  Echinoderm,  Acalephse  and 
Zoophytes,  through  aid  of  its  suggestive  guidance,  will  soon  receive  a  new 
solution. 

From  the  researches  of  Mr.  Newport  it  appears  that  the  series  of  lateral 
respiratory  sacculi  (sic)  already  described  in  the  leech  and  the  earth-wonui 
are  also  present  in  lulus.  This  fact,  more  than  any  other,  serves  to  demons 
strate  a  near  zoological  relationship  between  this  myriapod  and  the  Annelida. 
In  the  tendency  to  segmental  repetition  in  the  body,  in  the  history  of  the  deve- 
lopment of  the  embryo,  and  in  the  character  and  distribution  of  the  main 
vascular  trunks,  the  lulicUe  exhibit  a  close  similarity  to  the  Annelida.  As 
the  luUdcR  differ  from  insects  in  the  absence  of  wings,  they  no  less  strikingly 
differ  from  the  Annelida  in  the  possession  of  articulated  members. 

The  true  classification  of  articulate  animals  can  only  be  reached  through 
the  joint  aid  of  comparative  anatomy  and  embryological  metamorphoses.  In 
the  latter  department  Agassiz  has  done  much*.  These  two  methods  lead, 
howeveit  to  different  results.  By  the  naturalist  it  has  been  considered  that 
the  presence  of  a  heart  in  Crustacea  entitles  this  class  to  the  highest  place 
among  the  Articulata.  This  arrangement  is  founded  upon  the  view  that  all 
animcds  should  forili  a  natural  linear  series,  disposed  in  one  progressive  line 
according  to  their  successive  gradations  of  structure.  The  distinction  intro- 
duced by  Cuvier  of  different  types,  of  four  distinct  plans  of  structure,  has 
not  yet  sufficiently  penetrated  the  spirit  of  those  who  have  followed  in  his 
steps.  Viewed  thus  as  separate  types,  it  is  evident  that  what  might  be  re^ 
ganied  as  a  character  of  superiority  in  one  group,  may  not  be  entitled  to ' 
such  consideration  in  another ;  that  in  each  type  a  separate  ruling  prIncipAe 
should  be  recognised,  and  that  these  types  could  not  be  brought  into  con- 
nection with  each  other  unless  upon  the  most  general  considerations. 

The  embryo  of  the  Annelid  undergoes  few,  if  any,  metamorphoses.  It  is 
true  that  the  young  are  at  first  almost  wholly  devoid  of  appendages ;  but  tbe 
lK)dy  in  no  instance  suffers  those  deep  transmutations  traceable  in  the  growth 
of  the  larvae  of  Insects  and  Crustacea.  A  considerable  change  of  outward 
form  is  impossible,  without  some  mutation  of  structure.  £mbryol<^eal 
metamorphoses  accordingly  become  grounds  of  comparison  and  induction  in 
the  eye  of  the  systematic  zoologist  As  the  metamorphoses  of  an  embryo  by 
which  it  is  raised  to  its  mature  phase  cannot  be  held,  at  all  events,  as  retro- 
grade steps  in  organization ;  it  is  not  difficult  to  perceive  that  these  *  changes ' 
from  the  ovum  to  the  perfect  animal  may  lead  to  valuable  inferences  as  to 
the  real  and  final  place  of  the  adult  animal  in  the  series.  Now,  since  the 
insect  reaches  the  standard  of  the  annelid  in  its  first  metamorphose  (the 
vermiform  caterpillar),  its  ultimate  destination,  after  two  further  mulations, 
must  place  it  far  above  the  rank  of  the  worm.  It  cannot  be  doubted  that  a 
comparison,  instituted  between  the  larval  conditions  of  Insects  generally  and 
the  Annelida,  would  issue  in  many  interesting  discoveries :  such  compara- 
tive view  has  actually  led  M.  Agassiz  to  see  in  the  naked  larvae  the  proto- 
types of  the  non-setigerous  or  Abranchiate  Annelids, — and  in  those  provided 
with  appendages  a  resemblance  to  the  dorsi branchiate  and  cephalobranohiate 
worms.  Nor  does  this  distinguished  naturalist  scruple  to  descend  to  parti- 
culars in  this  comparison,  declaring  that  the  larvae  of  Simaeodes  may  be 
viewed  as  terrestrial  representatives  of  tbe  genus  Polynoe  ;  those  of  B^mh^ 
ces  as  corresponding  to  the  Nereids  \  while  some  among  the  larvn  of  Pc^nHo 
proper,  with  their  protractile  branching  appendages  upon  the  neck,  remind  as 

*  **  Classiiication  on  Embryological  Data,"  Trans,  of  American  Association  for  the  Advsncie- 
mcnt  of  Science,  1850. 
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of  Terebetta.  The  same  line  of  argumentation  applied  to  the  Crustacea  has 
led  this  naturalist  to  infer  that  this  class  should  occupy  a  place  immediately 
above  the  Annelida  and  behw  Insects  ;  that  thus  the  Annelida  should  stand 
at  the  bottom  of  the  Annulose  series  and  the  Insecta  at  the  summit,  the  Crus- 
tacea being  intermediate. 

While  we  are  willing  to  applaud  the  sagacity  of  these  speculative  thoughtd, 
we  must  persist,  in  this  Report,  in  adhering  to  the  evidence  drawn  from  aduU 
rather  than  embryonic  structures,  and  that  on  the  plea  that  mature  forms  in 
the  same  sub-kingdom  must  bear  to  each  other  constant  and  invariable  re« 
lations,  and  that  the  perfect  animal  no  less  than  the  transfigurations  of  the 
embryo,  by  the  deep  written  characters  of  its  organism,  must  attest  its  true 
relative  position.  It  will  accordingly  be  maintained  in  this  memoir,  that 
below,  the  nearest  connection  of  the  Annelida  are  the  Entozoa ;  that  the  Su 
puncuUcUs  associate  them  in  a  direct  and  natural  manner  with  the  Echino- 
derms,  and  with  far  greater  intimacy  of  resemblance  in  structure  than  that 
with  which  they  are  joined  to  the  MoUusca  by  the  intervention  of  the  Chi- 
iomeke,  and  that  above  the  Annelida  should  be  placed  the  inferior  species  of 
the  luUda,  Considerations  founded  on  anatomical  evidence  will  be  after- 
wards advanced  confirming  the  propriety  of  this  distribution. 

It  is  proposed  now  to  enter  at  some  length  upon  that  divbion  of  our  Report 
which  relates  to  the  anatomy  of  Annelida,  as  an  appropriate  prelude  to  a  de- 
tailed study  of  species. 

Anatomy  rftne  Annelida, — Anatomical  details,  correctly  determined,  will 
be  found  hereafter  indispensable  to  the  classification  of  the  Annelida.  These 
animals,  unlike  all  other  inferior  tribes,  in  many  instances  present  so  little 
external  diversity  among  themselves,  while  their  internal  organization  at  the 
same  time  may  be  strongly  marked  by  specific  peculiarities,  that  a  careful 
consideration  of  the  anatomy  of  the  class  will  here  appropriately  precede  that 
of  its  methodical  arrangement.  Certain  leadins  points  in  the  structure  of 
wonns  were  established  by  the  dissections  of  Uie  earlier  anatomists.  The 
researches  of  Willis*  gave  some  rude  conception  of  the  character  of  the  cir- 
culation of  the  blood,  and  the  outline  of  the  alimentary  system.  By  Sir  E. 
Homef  this  inquiry  was  prosecuted  to  some  further  extent ;  and  in  Uiis  path 
of  investigation,  this  comparative  anatomist  was  followed  by  M.  de  Blain-< 
ville^  and  Morren§.  It  was  about  this  date  that  the  labours  of  M.  Dugdi 
were  given  to  science,  by  the  publication  of  his  memoirs  on  the  circulation 
and  reproductive  system  of  the  Annelides||.  It  is  a  fact  lamentable  to  relate, 
that  the  errors  and  imperfect  dissections  of  the  professor  of  Montpellier  should 
have  been  propagated  through  the  classic  works  of  the  most  distinguished 
modem  authors  down  to  the  present  time.  The  account  which  M.  Dugds 
has  given  of  the  reproductive  organs  of  the  leech  and  the  Nats  is  full  of  grave 
errors,  and  it  will  be  afterwards  proved  that  those  of  M.  Quatrefages,  although 
nearly  fifty  years  later,  are  little  less  remote  from  the  truth  of  nature.  It 
should  have  been  previously  stated,  that  in  the  year  1806  a  M.  Thomas  1[  had 
already  thrown  some  light  on  the  anatomy  of  the  leech.  The  'Lemons  d  Ana- 
tomie  Compart '  of  Cuvier,  edited  by  M.  Dumeril,  which  appeared  about 
thill  period,  6n  the  subject  of  the  anatomy  of  the  Annelida,  contained  little 
more  than  an  epitomized  statement  of  what  had  been  previously  published. 

*  De  Animft  Bratorum.  f  Philosophical  Traosactions. 

X  Dictionnaire  des  Sciences  naturelles,  t.  Ivii.  p.  407. 

§  DeLmnbridbusterrestribushistorianaturalinecnonanatomiatractatus.  BmxeUea  1829. 
IT  Becherches  sor  la  circttlation,  la  respiration  et  la  reproduction  des  Annelides  abranches* 
Annales  des  Sciences  naturelles,  l'^  S^e,  t.  xv.  1828. 

f  M^oure  pour  servir  ii  rhiatoire  naturelle  des  Sangsues,  in  8yo,  Paris  1806. 


Digiti 


zedbyVjOOgle 


168  REPORT — 1851. 

Tlie  names  of  Moquin-Tonquin  of  Montpellier  and  M.  Philippi  of  Milan*, 
should  be  honourably  associated  with  this  branch  of  comparative  anatomy. 
Hunter  had  formed  a  correct  appreciation  of  the  general  structure  of  several 
species  of  Annelids,  as  exemplified  in  the  beautiful  preparations  which  he  has 
bequeathed  to  the  science,  in  the  Hunterian  collection-}*.  The  organization 
of  the  SerptilcB,  the  AmphUrUcBy  and  NereicUe^  have  been  meritoriously  studied 
by  M.  Delle  Chiajet- 

The  researches  of  the  earlier  English  zoologists  were  for  the  most  part 
limited  to  the  descriptive  history  of  species ;  the  names  of  Leach  and  Mon- 
tague should,  notwithstanding,  be  gratefully  allied  with  this  department  of 
natural  science  in  England.  Dr.  George  Johnston  of  Berwick- on-Tweed 
has  done  more  than  any  other  modern  observer  to  rescue  the  Annelids  from 
the  region  of  obscurity  and  confusion.  The  descriptions  of  this  excellent 
naturalist  are  characterized  by  exactness  and  truth,  and  his  investigations  of 
structure,  as  far  as  they  have  extended,  seldom  deviate  much  from  the  results 
attained  through  aid  of  the  modern  microscope  §. 

It  is  scarcely  required  to  remark,  that  the  efforts  of  ancient  anatomists,  how- 
ever laborious,  in  those  fields  especially  in  which  the  subjects  of  investigation 
were  minute  in  size  and  of  difficult  manipulation,  anterior  to  the  era  of  the 
microscope,  could  at  best  have  been  but  imperfect  In  the  preparation  of 
this  memoir,  it  will  be  accordingly  found  that  the  author  will  have  few  ac- 
knowledgements to  render  to  the  works  of  these  venerable  authors.  This 
observation,  however,  does  not  apply  to  the  labours  of  Owen  and  Milne-Ed- 
wards, by  whom,  indeed,  almost  everything  hitherto  known  to  science  with 
reference  to  the  organization  of  the  Entozoa  and  Annelida  has  been  contri- 
buted. The  researches  of  Milne-Edwards  have  been  principally  confined  to 
the  system  of  the  circulation  in  the  Annelida || ;  those  of  Prof.  Owen  are  re- 
stricted to  the  Entozoa^.  The  author  of  this  Report  desires  in  this  place  to 
bear  testimony  to  the  accuracy  of  the  observations  of  Milne- Edwards.  His 
account,  however,  as  stated,  embraces  little  more  than  the  central  apparatus  of 
the  circulation,  and  yet  it  will  be  subsequently  seen  that  the  study  of  the  cha- 
racters of  the  periphen/  of  the  circulation,  identified  as  it  must  be  with  the 
intimate  structure  of  the  integral  organs  of  the  body,  will  conduct  to  results 
of  the  highest  interest.  The  author  regrets  that  it  has  not  been  in  his  power 
to  refer  in  any  satisfactory  manner  to  the  recent  works  of  the  Swedish  and 
Danish  naturalists  on  the  subject  of  the  AnneHda.  The  reports  by  Prof, 
Siebold  of  Erlangen,  published  by  the  llay  Society,  arc  very  insufficient  for 
the  purposes  of  reference ;  nor  are  all  the  anatomical  investigations  of  M. 
de  Quatrefages  and  M.  Blanchard  within  reach. 

7%€  Circulating  Fluids, — In  the  economy  of  all  Annelids,  one  or  two 
species  excepted,  two  distinct  and  separate  fluid  elements  of  nutrition  exist ; 
of  which  one  consists  of  the  proper  and  true  blood,  contained  in  closed  vessels 
and  moving  in  a  definite  orbit,  and  constituting  a  well-marked  circulation ; 
the  other  of  a  liquid  mass,  filling  the  open  space  which,  in  all  species,  in- 
tervenes between  the  intestine  and  the  integument.  Holding  organic  corpuscles 

♦  Mcmoria  sugU  Annclidi  della  famiglia  ddle  Sanguisughe,  in  4to,  Milan  1837. 

t  Descriptive  and  Illustrated  Catalogue  of  the  Physiological  Series,  &c.  by  Owen,  vol.  ii. 

t  Memorie  suUa  storia  i  uotomia  degli  Animal!  senza  vertebre  del  regno  dl  Napoli, 
torn.  ii.  and  iii. 

$  The  contributions  of  Dr.  Johnston  to  this  branch  of  natural  history  will  be  found  dis- 
tributed throughout  the  early  series  of  the  *  Annals  and  Magazine  of  Natural  History.'  In 
treating  of  species,  separate  references  will  be  made  to  this  author's  publications. 

II  Recherches  pour  servir  ii  Thistoi^e  de  la  circulation  du  sang  chez  les  AnneUdes,  Ines  ii 
FAcad^mie  dea  Sciences,  le  30  Octobre  1837. 

f  Art  Entozoa,  Cyclopiedia  of  Anatomy  and  Physiology. 
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in  suspension,  varying  in  different  species,  and  performing  irregular  to  and 
fro  oscillations  under  the  agency  of  the  muscular  contractions  of  the  intestine 
and  integuments.  On  these  two  fluids,  two  separate  physiological  functions 
devolve :  each  is  essential  to  the  maintenance  of  life  in  the  Annelid ;  nor  is 
It  improbable  that  the  clue  unravelled  by  the  study  of  these  fluid  elements  in 
this  class,  will  lead  to  important  conclusions  in  relation  to  the  mechanism  of 
nutrition  in  all  invertebrate  animals.  All  the  recesses  and  ramifications  of 
the  general  cavity  of  the  body  in  the  Annelids,  communicate  freely  with  each 
other,  constituting  thus  one  common  space.  This  cavity  is  lined  by  a  distinct 
membrane,  which  is  obviously  the  anatomical  analogon  of  the peritoneuniy  and 
is  filled  by  a  fluid  which  is  unquestionably  an  organic  fluid.  Reasons  will 
be  afterwards  adduced  for  regarding  this  fluid  i\s  physiologically  allied  to  the 
chyle  of  the  higher  animals,  and  the  containing  cavity  as  the  prototype  of  the 
peritoneal.  It  is  therefore  proposed  in  this  memoir  to  distinguish  this  general 
splanchnic  chamber  as  the  peritoneal  cavity^  and  the  contained  fluid  under 
the  designation  of  the  peritoneal  Jluid,  or  the  chyle-aqueous  fluid  of  the 
peritoneal  cavity.  In  the  Annelida,  the  peritoneal  membrane  is  not  vibra^ 
tHe;  the  oscillations  of  the  fluid  contents  cannot  therefore  ^be  due  to  ciliary 
vibration.  This  fact  distinguishes  the  Annelid  from  the  Echinodermata,  of 
which  the  peritoneal  space,  in  all  species,  even  in  the  SipunctdicUe^  is  richly 
lined  with  vibratile  cilia.  This  observation  it  is  only  necessary  to  qualify  by 
the  single  remark,  that  in  some  species  of  Annelids,  as  that  of  Glycera^  the 
hollow  interior  of  the  branchuB  in  which  the  peritoneal  circulates  is  lined 
with  mobile  cilia. 

The  real  characters  of  this  fluid  have  remained  up  to  the  date  of  the 
researches  of  the  author  of  this  Report  quite  unknown  to  anatomists*. 

*  About  two  years  ago  he  communicated  to  the  Swansea  Literary  and  Scientific  Society  a 
pi^>er  "On  the  Structure  and  Habits  of  the  Annelida,"  in  which  a  summary  was  presented 
of  the  results  at  which  he  bad  then  arrived,  with  respect  to  the  organic  and  chemical  compo- 
sition of  this  fluid.  In  that  communication,  illustrations  of  the  floating  organic  corpuscles 
were  also  exhibited,  and  the  views,  expounded  in  the  text,  with  regard  to  the  physiological 
signification  of  die  fluid  in  the  economy  of  the  worm,  were  first  sketched.  The  author  has 
only  recently  become  acquainted  with  a  memoir, ''  Sur  la  famille  des  Hermelliens,"  by  M. 
De  Quatrefages  (Annates  des  Sciences  Naturelles,  V^  s^rie,  1848^,  in  which  this  industrious 
French  anatomist  aUudes  in  the  following  language  to  the  general  cavity  of  the  body  in  the 
instance  of  SabeUa  alveohta : — 

''Chez  les  Hermelles  comme  chez  toutes  les  Aimelides,  et  on  pent  le  dire  aigourd'hui,  comme 
chez  la  majority  des  invertebres,  les  teguments  et  les  couches  musculaires  sousjacentes  dr- 
oonscrivent  une  cavitd,  dans  laqnelle  est  renferra^  le  tube  digestif.  Dans  les  Annelides  en 
g^^ral,  dans  les  Hermelles  en  paniculier,  cette  cavit^  n'est  pas  d'une  seule  venue.  Entre 
chaqueanneau  se  trouvent  des  cloisons  incompletes  formes  par  des  colonnes  musculaires  qui 
s'^Ievent  en  s'elargissant,  et  se  soudant  de  bas  en  haut,  de  maniere  a  former  en  dessus  une 
membrane.  Entre  le  dernier  anueau  thoracique  et  le  premier  anneau  abdominal,  la  doison 
est  beaucoup  plus  ^paisse  et  plus  complete ;  elle  manque,  au  contraire,  entre  le  deuxieme,  et 
le  troisieme  anneau  abdominal,  espece  qui  correspond  au  jabot.  Dans  chaque  anneau  de 
I'abdomen  consid^r^  isolement,  la  cavit^  renferme  une  portion  du  tube  digestif  et  des  organes 
genitaux.  Sur  les  cot^s,  ^  la  hauteur  des  pieds,  cette  cavity  se  prolonge  dans  Tint^rieur  de 
ces  demiers.  Les  gaines  des  soies,  les  muscles  qui  les  mettent  en  mouvement,  sont  entice- 
ment libres  dans  ces  especes  des  chambres.  La  couche  de  tissus  tr^  delicats  qui  tapisse 
rint^enr  des  pieds  est  h^riss^  de  grands  cils  vibratiles.  Le  mouvement  de  ces  cils  est  Ipiu 
d'etre  r^giJier  et  constant ;  on  le  voit  quelquefois  regner  dans  toute  Tetendue  de  la  cavit^ ; 
d'autres  fois  s'arreter  entierement ;  mais  le  plus  souvent,  il  est  partiel,  et  se  manifeste  tantot 
sur  un  point,  tantdt  sur  un  autre.  Malgr^  le  nombre  d'observations,  tr^s  considerable  que 
j'ai  fSutes  sur  des  Annelides  errantes  ou  tubicoles,  c'est  la  seconde  fois  seulement  que  j'ai 
rencontr^  des  cils  vibratiles  dans  une  dependance  de  la  cavit^  gen^rale  du  corps.  A  I'^poque 
de  la  reproduction,  la  cavite  dont  nous  parlous  est  remplie  par  les  oeufs  ou  les  spermatozoides, 
qui  p^nltrent  jusque  dans  rint^rieur  des  chambres  des  pieds.  En  temps  ordinaire,  on  trouve 
dans  la  cavit^  g^nerale  un  liquide  pazfaitement  incolore,  au  milieu  duquel  nagent  des  corpus* 
cedes  iireguliers  refractant  fortement  la  lumi^re,  et  dont  le  nombre  varie  dans  les  divers  indi* 
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The  coagulating  principle  consists  of  fibrine,  and  there  can  be  no  doubt 
that  the  great  bulk  of  the  fluid  portion  is  composed  of  sea-water.  The  mor- 
photic  elements  vary  in  a  remarkable  manner  in  different  species ;  that  is,  - 
for  the  same  species  the  corpuscles  of  the  peritoneal  fluid  are  constant, 
and  nearly  the  same  for  every  season  of  the  year.  In  different  species,  there- 
fore, these  solid  elements  become  signs  of  specific  distinction,  but  the  specific 
variation  is  much  less  marked  than  the  generic ;  this  is  exemplified  in  the 
instances  of  the  Spios  and  Terebelke.  In  Spio  comocephala  these  corpuscles 
are  large  flattened  oval  cells,  enclosing  smaller  elliptical  bodies  and  a  nucleus, 
and  presenting  a  singularly  serrated  border.  (Plate  II.  fig.  1.)  In  Spio  fnd" 
gariSy  a  smaller  species  of  the  same  genus,  the  same  bodies  occur  under  a  re- 
duced size ;  the  serrated  edges,  however,  are  still  observed.  The  serrationa 
are  not  endowed  with  any  motive  property,  for  these  cells  manifest  no  loco- 
motive power.  The  ova  of  these  same  Annelids  are  orbicular,  nucleated 
bodies,  and  differing  strikingly  from  the  serrated  corpuscles  just  described  ; 
these  latter  are  always  present  in  the  peritoneal  fluid ;  the  ova  are  very 
seldom  to  be  found.  These  facts,  which  are  readily  and  demonstratively  esta- 
blished, prove  beyond  doubt  that  the  serrated  bodies  are  not  germ^cells. 
The  illustrations  present  them  in  the  maturity  of  growth ;  they  never  attain 
a  larger  size.  In  two  species  of  Terehella  which  abound  on  these  coasts,  the 
peritoneal  fluid  contains  morphic  elements  of  a  similar  character,  and  no  less 
speciflcally  peculiar. 

These  bodies,  in  Terebelia  nebulosay  the  larger  of  the  two  species,  are 
smooth-edged  oval  cells,  slightly  compressed,  containing  six  or  seven  or  more 
oil-globules,  highly  refractive,  and  filled  with  spherical  molecules,  floating 
in  a  fluid  possessing  a  refractive  power  greater  than  that  of  the  outer  fluid 
(Plate  n.  fig.  2).  In  these  bodies  no  nucleus  is  discoverable^  a  fact  which 
clearly  distinguishes  them  from  true  ova. 

They  are  commonly  however  mistaken  for  ova  in  this  species,  and  the 
peritoneal  chamber  is  accordingly  described  as  a  mansupium  or-  incubating 
cavity ;  additional  proofs  will  be  afterwards  adduced  of  the  fallacy  of  this 
conclusion.  In  this  species,  other  bodies  than  those  described  floating  in 
the  peritoneal  fluid  may  be  seen;  these  latter  consist  of  spindle-shaped 
and  irregular  cells,  fragments  of  cell-membrane  and  other  compound  bodies, 
all  differing  from  the  regularly  oval  cells  which  constitute  the  bulk  of  the 
solid  elements  of  the  fluid.  The  spindle-figured  bodies,  especially  when  affix- 
ing themselves  at  one  extremity  into  a  stellar  bunch,  may  be  readily  mistaken 
for  sperm-cells,  with  which,  however,  on  other  grounds,  they  are  not  to  be 

vidas."  From  this  passage  it  is  evident  that  Quatrefages  has  done  little  more  than  leoogntse 
the  existence  of  a  fluid  in  the  general  cavity  of  the  body.  It  is  trae,  as  explained  in  the 
author's  Report,  that  in  some  species  ova  and  spermatozoa  are  sometimes  found  floating 
in  this  fluid.^  But  it  is  not  in  accordance  with  his  observations  that  this  fluid  is  kept  in 
motion  by  rf/io.  In  no  single  species  are  these  internal  cilia  to  be  found  in  the  general 
neritoneal  cavity.  It  is  easy  to  mistake  those  which  in  many  species  clothe  the  bases  of  the 
feet  and  branchis  externally,  for  the  agents  occasioning  the  motion  of  the  fluid  in  the  Mtf. 
rior,  Qoatrefages  says  nothing  of  the  composition  of  this  fluid,  of  its  uses  in  the  economy ;  he 
makes  no  allusion  to  the  specific  differences  which  the  floating  corpuscles  exhibit  in  different 
species,  nor  does  he  appear  to  have  suspected  any  connexion  between  this  fluid  and  the  true 
blood  contained  in  the  blood-vessels.  The  merit  of  priority  in  the  demonstration  of  the  com- 
position, and  in  the  appreciation  of  the  physiological  significance  of  the  peritoneal  fluid  of  the 
Annelida,  is  therefore  claimed  for  the  author  of  this  Report. 

It  Is  only  possible  in  the  larger  species  to  obtain  it  in  sufficient  quantity  for  ehemieal  ana- 
lysis. In  Terebelia  nebuloea,  Arenicola,  and  the  large  Nereids,  it  may  be  readily  collected 
for  examination.    It  is  denser  in  gravity  than  common  sea-water. 

In  a  few  nunutes  after  removal  from  the  body  of  the  animal,  it  throws  down  an  unques- 
tionable  coagulum,  like  the  clot  of  true  blood.  The  organic  corpuscles  cohere  into  groups 
and  masses,  and  sink  with  the  clot. 
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eonfbiltided.  In  Terebella  concMlegct,  a  species  very  closely  allied  to  the 
formeiv  but  inferior  in  size,  the  corpuscles  of  the  peritoneal  fluid  consist 
of  cells  of  precisely  analogous  organization.  Like  the  corresponding  bodies 
in  Terebella  ntbiUomi  they  are  regular  and  uniform  in  figure,  size  and  struc- 
ture. Such  remarkable  uniformity  proves  incontestably  that  they  are  governed 
by  a  definite  law  of  parentage,  birth  and  growth ;  that  they  are  restricted  to 
determinate  dimensions  by  a  singularly  invariable  principle  of  increase.  In 
these  two  species  the  cephalic  cirrhi  or  tentacles  are  composed  of  hollow 
tubes,  filled  with  the  peritoneal  fluid ;  the  movements  of  this  fluid  are 
determined  by  the  muscular  walls  of  the  containing  cavity ;  the  tentacles 
are  extended  and  contracted  by  the  alternate  flux  and  reflux  of  this  fluid 
in  their  axes.  In  the  general  cavity  of  the  body  it  is  urged  to  and  fro  in 
large  waves  by  muscular  agency,  and  not  by  ciliary.  Mechanically  aUd 
physiologically,  this  fluid  is  immediately  essential  to  the  maintenance  of  life ; 
mechanically,  by  preventing  contact  between  the  intestine  and  integument, 
thus  favouring  the  circulation  of  the  blood-proper;  and  physiologically, 
by  furnishing  the  pabulum  out  of  which  the  latter  fluid  is  perpetually  being 
reinforced. 

In  other  species  this  fluid  is  characterized  by  equally  distinctive  peculiari- 
ties. In  Arenicola  Piecatorum  it  is  abundant,  and  highly  charged  with 
corpuscles.  Towards  the  month  of  August  it  increases  in  amount  by  the 
influx  of  oviform  bodies,  but  at  every  season  it  abounds  in  corpuscular  ele- 
ments, which  consist  of  compound  granular  cells,  from  the  circumferences  of 
which  digitate  and  filiform  processes  project,  imparting  to  the  cells  ati  ap- 
pearance resembling  that  of  spermatozoid  bodies ;  the  oviform  corpuscles  are 
spherical,  and  distinguished  at  some  point  of  their  circumference  by  a  bright, 
jMSllucid,  nucleated  cell.  It  will  be  shown  in  another  part  of  this  memoii*, 
that  although  these  bodies  severally  resemble  the  sperm-  and  germ-cells  of 
Ibis  Annelid,  yet  general  analogy  requires  that  they  be  regarded  as  peculiar 
to  the  peritoneal  fluid  (Plate  II.  fig.  S). 

In  the  earth-worm  the  space  between  the  intestine  and  integument  is  almost 
obliterated,  these  two  cylinders  being  so  closely  bound  to  each  other  at  the 
interannular  bands.  There  exists,  however,  in  the  chambers  between  these 
diss^iments  a  small  quantity  of  viscid  fiuid,  the  morphotic  elements  of  which 
<k>nsist  of  bniformly  figured  spherical  molecules,  bearing  a  few  granules,  and 
in  some  instances  a  nucleus.  The  true  ova,  which  in  this  familiar  Annelid 
can  be  proved  never  to  enter  the  peritoneal  cavity y  are  perfectly  distinct  from 
these  corpuscles ;  these  latter  being  manifestly  peculiar  to  the  peritoneal 
fluid,  another  datum  corroborative  of  the  view  which  regards  this  fluid  as 
fitted  to  discharge  functions  independent  of  the  reproductive.  In  the  Onone 
nUiewkUa  the  fluid  is  thickly  charged  with  minute  orbicular  particles,  all  of 
the  same  size  and  figtire,  and  very  minute,  and  bearing  no  analogy  whatever 
to  the  ova  of  the  satn^  worm. 

The  BorUmm  and  Liwadee^  of  the  family  PhmaruB^  present  a  plan  of 
structure  which  distinguishes  them  in  a  very  marked  manner  from  other 
orders  of  Annelida.  The  03sophageal  intestine,  turned  upon  itself,  terminates 
here  not  far  from  the  cephalic  extremity  of  the  body,  after  the  manner  of 
that  of  the  Sipunctdida.  A  hollow  sacculated  organ  then  proceeds  from  the 
base  of  the  proboscis  throughout  the  body  as  far  as  the  tail.  By  Quatrefages, 
Bldhchard  and  Milne-Edwards,  this  remarkable  organ  has  been  mistaken  for 
the  ovarian  system.  It  is,  however,  a  true  alimentary  system,  and  it  is  in  tie 
cAfitj  in  these  species  that  the  peritoneal  fluid  is  contained,  and  not  in 
the  space,  which  in  these  instances  is  obliterated,  between  this  organ  and  the 
integoin^t*    The  corpuscular  elements  consist  here  of  fusiform  and  elltp- 
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tical  cells,  transparent  and  devoid  of  granular  contentfl,  and  quite  dissimilar 
in  character  from  the  true  ova. 

In  the  genus  Sabella,  the  peritoneal  fluid  is  opalescent  and  thickly  cor- 
pusculated ;  it  does  not  change  its  colour  with  that  of  the  true  blood,  since 
its  colour  is  the  same  in  those  species  which  are  distinguished  hj  green  blood 
as  in  those  of  which  the  blood  is  red.  The  bodies  in  this  instance  consist 
of  several  varieties  of  cells,  some  of  which  are  fibre-like,  others  orbicular,  and 
bearing  granules ;  but  in  different  individuals  of  the  same  species  thejf  are 
constant.  In  the  Nereids  (fig.  4)  these  corpuscles  are  more  or  less  oviform, 
and  the  fluid  is  distinct,  but  not  large  in  quantity.  In  the  Aphrodiiaoea  it 
is  charged  with  epithelium-like  scaly  bodies.  To  this  remark  the  AphrodUa 
aculeata  is  an  exception,  for  here  the  fluid  bears  no  visible  morphous  sub- 
stances, and  seems  to  depart  little  from  tiie  standard  of  »slt  water.  In  one 
other  respect  this  aberrant  Annelid  approaches  the  Asterias ;  namely,  in  the 
fact  that  the  peritoneal  cavity  is  lined  by  vibratile  epithelium. 

It  must  not  be  overlooked,  however,  that  in  this  Aphrodite  the  alimentary 
system  exhibits  a  curious  modification  when  considered  in  relation  to  the 
plan  prevalent  among  the  Annelida  as  a  class.  The  chylous  fluid  in  this 
case  is  transferred  from  the  outside  (peritoneal  cavity)  to  the  interior  of  the 
digestive  caecal  processes,  from  which  it  is  absorbed  into  the  system  of  the 
blood-proper;  the  exception  therefore  becomes  more  apparent  than  reaL 
No  example  occurs  in  the  whole  class  in  which  the  real  physiological 
character  of  this  peritoneal  fluid  becomes  so  unequivocal  as  in  that  of 
Glycera  alba  (fig.  5).  The  general  cavity  of  the  body  in  this  beautiful 
worm  is  filled  with  a  fluid,  bearijig  in  great  abundance  blood-red  flattened 
oval  corpuscles,  resembling  the  blood-corpuscles  of  the  frog.  This  is 
the  only  Annelid  in  which  the  bodies  of  the  peritoneal  fitdd  are  coloured^ 
The  blood-proper  in  this  species  is  almost  devoid  of  colour,  faintly  red,  and 
quite  incorpuscular.  The  bases  of  the  feet  in  this  worm,  as  in  many  othersy 
are  hollow,  and  the  branchial  processes  are  tubular  and  filled  with  the  peri- 
toneal  fluid,  the  interior  being  lined  by  vibratile  epithelium.  The  branchial 
process,  which  is  lined  within  and  without  by  vibratile  epithelium,  is  filled 
with  the  peritoneal  fluid,  the  corpuscles  of  which  move  under  ciliary  agency, 
peripherally  along  one  side,  and  centrally  along  the  other  of  the  process. 
The  walls  of  this  appendage  contain  no  true  blood-vessels ;  and  there  exists 
no  other  respiratory  organ.  The  inference  is  therefore  irresistible,  that 
the  peritoneal  fluid  it  is,  and  not  the  blood-proper,  which  in  this  case  is 
submitted  to  the  influence  of  the  aerating  medium  ;  and  the  branchial  pro* 
cess  exhibits  a  structure  modified  with  express  reference  to  the  efficient  ex- 
posure of  this  fluid  rather  than  of  the  blood.  These  facts  lead  by  ob- 
vious induction  to  the  two-fold  division  of  the  process  and  mechanism  of 
respiration  in  the  Annelida,  that,  first,  in  which  the  true  blood  is  submitted 
directly  to  the  process  of  aeration;  and  that,  secondly,  in  which  the 
peritoneal  fluid  is  the  medium  which  immediately  receives  the  external  oxy- 
gen. The  system  for  the  circulation  of  the  blood-proper  under  the  latter 
circumstances  is  little  developed  ;  under  the  former  it  is  more  elaborate,  and 
the  volume  of  the  peritoneal  fluid  is  proportionately  reduced.  There 
is  observable,  then,  both  physiologically  and  anatomically,  an  inverse  relation- 
ship between  these  two  systems  of  nutritious  fluids.  It  follows  further  from 
the  facts,  which,  in  the  example  of  Glycera  alba  are  so  easy  of  demonstration, 
that  if  the  peritoneal  fluid,  which  is  so  unquestionably  the  recipient,  be  the 
reservoir  for  the  collection  of  the  external  oxygen,  and  consequently  of  car- 
bonic acid  from  the  blood-proper,  the  interchange  of  gases  between  it  and 
the  external  sea-water  could  not  occur  if  both  were  of  the  same  specific  gia* 
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▼ibr*  This  is  an  inferential  datum,  which  proves  that  the  peritoneal  fluid, 
although  consisting  of  a  large  proportion  of  sea-water,  is  notwithstanding 
an  organic  fluid.  This  fluid,  iu  the  iastances  of  the  Terebelke  and  Arenicola, 
in  which  it  is  abundant,  is  rendered  opake  b^  the  addition  of  nitric  acid, 
proving  the  presence  of  albumen ;  and  by  standing,  a  coagulum  is  formed, 
sufficient  to  prove  the  presence  of  fibrine ;  and  the  microscope  establishes  the 
existence  of  highly  organized  compound  corpuscles. 

Now,  that  the  basis  of  this  fluid  consists  of  sea-water,  is  rendered  almost 
certain  by  the  following  simple  expedient: — If  the  peritoneal  fluid  of 
Arenicola  or  Terebella  nebtdosa  be  collected  in  adequate  quantity  and  care- 
fully  Altered,  and  the  clear  liquor  be  then  submitted  to  evaporation,  the 
crystalline  products  will  be  found  identical  with  those  resulting  from  the 
evaporation  of  simple  sea- water.  The  inference  then  is  probable,  that  the 
fluid  bases  of  the  peritoneal  fluid  in  all  Annelida  must  consist  chiefly  of 
aea-water ;  nor  does  inductive  caution  here  forbid  the  generalization  sug- 
gested by  the  preceding  facts,  that  in  the  lower  forms  of  life  the  surrounding 
medium  is  assimilated  with  remarkable  rapidity ;  that  sea-water  under  such 
circumstances  readily  assumes  the  character  of  an  organic  fluid  \  in  other  and 
more  specific  language,  that  sea-water  is  vitalized  with  wonderful  facility 
by  the  solid  organic  elements  contained  in  the  peritoneal  fluid.  It  is  per- 
fectly impossible  to  demonstrate  any  direct  communication  between  the  peri* 
toneal  cavity  and  the  exterior.  The  channel  of  communication  lies  through 
the  alimentary  canal ;  the  water  is  swallowed,  and  under  the  agency  of  the 
intestinal,  glandular  and  vascular  systems,  it  receives  the  first  impulse  to  or- 
ganization ;  thence  it  probably  passes  by  direct  transudation  into  the  general 
peritoneal  chamber.  The  anterior  extremity  of  the  intestinal  canal  is  endowed 
with  the  power  of  readily  absorbing  this  fluid,  while  the  caudal  end  no  less 
readily  gives  it  exit  into  the  rectal  division  of  the  same  canal ;  and  this  is  the 
mechanism  by  which  the  peritoneal  cavity  is  supplied  with  its  fluid  contents. 
Whether  the  peritoneal  fluid  is  organically  capable  of  maintaining  the 
nutrition  of  the  solid  structures  of  the  system,  cannot  be  directly  proved; 
but  it  is  scarcely  susceptible  of  doubt,  from  the  intricate  manner  in  which 
the  tnie  blood-vessels  coil  in  the  midst  of  the  fluid  contents  of  the  general 
cavity,  that  the  former  must  absorb  from  the  latter  the  elements  from  which 
the  true  blood  is  afterwards  manufactured ;  that  in  fact  it  presents  the  same 
relation  to  the  contents  of  the  proper  blood-system  of  vessels,  as  the  chyle  of 
the  higher  animals  does  to  the  true  blood ;  the  peritoneal  fluid  of  the  An- 
nelid difibring  from  the  chyle  of  the  mammal  only  in  the  fact  that  the  latter 
is  contained  in  vessels,  while  the  former  rolls  in  a  capacious  chamber. 

The  absorbent  power  of  the  peritoneal  fluid  for  oxygen"  is  increased 
in  proportion  as  its  density  is  increased ;  this  property  the  author  deduces 
from  his  experiments  on  salt  water.  When  this  fluid  is  evaporated  to  dif- 
ferent degrees  of  density,  and  allowed  to  stand  for  a  day  or  two,  the  gases 
extricated  by  boiling  bear  a  direct  proportion  in  volume  to  the  specific  gra- 
vity. Liebig  has  recently  shown  that  the  absorbent  property  of  water  for 
carbonic  acid  is  very  much  increased  by  the  addition  of  phosphate  of  soda, 
or  a  solution  of  sulphate  of  copper  saturated  with  nitric  oxide.  These  and 
analogous  facts  render  the  inference  highly  probable,  that  the  peritoneal 
fluid,  in  virtue  of  its  augmented  absorbent  power,  readily  withdraws  oxygen 
from  the  circumfluent  medium,  and  brings  this  vitalizing  gas  in  a  more  con- 
densed and  concentrated  form  into  immediate  contact  with  the  true  blood 
and  the  solid  structures  of  the  body.  This  mechanism  therefore,  so  far  from 
diminishing,  actually  multiplies  the  aerating  influence  of  the  surrounding 
medium.    The  respiratory  process  is  rendei'ed  not  less,  but  more  efiicient,  by 
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the  interpoflitioD  of  the  peritoneal  fluid  between  the  blood-proper  and  the 
external  medium. 

The  hutory  of  the  remarkable  fluid  element  of  nutrition,  as  now  described 
in  the  Annelida,  will  henceforth  enable  the  physiologist  to  understand  how 
intimately  and  immediately  necessary  to  the  maintenance  of  the  vital  actions, 
the  influence  of  the  surrounding  medium  must  be  in  these  inferior  orders  of 
animals ;  how  instantaneous  the  death  when  transferred  into  fresh  water,  and 
luiw  important  the  part  must  be  which  the  mineral  and  saline  ingredients  of 
sea-water  perform,  in  preserving  the  integrity  of  the  voluminous  organic 
fluids  of  the  body. 

Blood^oper. — When  Cuvier  first  constituted  the  Annelida  into  an  inde- 
pendent class,  he  attached  great  importance  to  the  discovery  of  red  blood  in 
these  animals,  and  this  fact  became  the  ground  of  his  classification :  *'  Frapp6 
4e  la  couleur  si  remarkable  du  liquide  nourricier,  chez  ces  animaux,  il  les 
d&igna  d'  abord  sous  le  nom  de  Vers  a  sang  rouge."  Lamarck,  no  less  than 
Cuvier,  was  impressed  with  a  sense  of  the  important  significance  of  red  blood 
in  the  animals  to  which  he  now  applied  the  name  of  Amndidet ;  like  Cuvier, 
he  viewed  the  red  blood  as  the  essential  distinction  of  the  class  *• 

M.  de  Blainville  now  discovered  that  in  Aphrodita  Heriua  the  blood  was 
colowrle$s\.  Pallas,  however,  had  in  fact  anticipated  both  Cuvier  and  De 
Blainville  in  this  discovery,  and  also  in  that  of,  the  existence  of  red  blood 
in  the  Annelida  generally  t- 

To  the  laborious  researches  of  Milne-Edwards,  the  zoologist  is  indebted 
for  a  full  and  complete  history  of  the  colour  and  distribution  of  the  blood  in 
the  Annelida}  •  But  it  is  a  remarkable  circumstance  that  so  searching  an 
observer  should  have  overlooked  the  question  afiecting  the  microscopic  chap 
racters  of  this  fluid.  After  stating  that  in  the  Eunidda^  Bt^hrosinukBy  Ni- 
reida^  Nephihys,  Gfycera,  Ononida,  Arenicola,  ffermeUaj  Terebelks^  Ser* 
pukRy  Lumbricus  and  Hirudo^  the  blood  is  of  a  red  colour,  he  remarks,  '*  Mais, 
du  reste,  examine  au  microscope,  ce  liquide  ne  m'a  pas  sembl^  difli§rer  du 
sang  des  autres  animaux  sans  vertebres.  Les  globules  qu  on  y  voit  nager 
n'ont  pas  du  tout  Taspect  de  ceux  propres  au  sang  des  animaux  vert^br^ :  ea 
sont  des  corpuscules  circulaires  dont  la  surface  a  une  apparence  frambois^e, 
et  dont  les  dimensions  varient  extremement  chez  un  in^me  animaU** 

In  the  passage  cited,  this  eminent  author  admits  the  existence  of  circular 
corpuscles  in  the  blood  of  the  Annelida,  which  according  to  his  acoqunt  pre- 
sent the  appearance  of  raspberries,  varying  much  in  dimensions  in  the  same 
individual  ||.    In  his  excellent  memoir  in  the  Philosophical  Transactions ^^ 

*  "  Ce  qui  a  effectivement  psru  tr^s  nngulier,  oe  fut  de  trouver  que  les  Anndides,  qaakpie 
moint  perfectionn^  en  organisation  que  les  MoUiuque^,  avaient  cependant  le  sang  T&lable- 
ment  rouge,  tandis  qui  depend  de  son  ^tat  et  de  sa  composition,  et  qui  est  celleda  sang  de 
tous  les  animaux  vert^r^s.  On  sent  bien  que,  parmi  les  animaux  que  nous  rapportons  Ik 
notre  classe  des  Annelides,  ceux  qui  si  trouveraient  n'avoir  pas  dans  leur  organisation  Ic 
caraet^e  dassiqoe,  n'inflrment  point  ce  caractere  et  ne  sont  places  id  qu'en  attendant  que  lear 
orgaiiiBation  soit  mieux  connae.''~Lamarok,  Jmnumx  tost  Veriibresy  t.  ▼.  p.  276. 

t  Art.  Veri,  du  Dictionnaire  des  Sdences  Naturelles,  t.  Ivii.  p.  409. 

t  See  his  Miscellanea  Zoologica,  p.  89.  ''  Sectis  in  dorso  longitudinaliter  tegumeptis. 
occurrit  vasculum  lympha  saepc  turbidula  plenum : "  from  this  sentence  it  is  much  more  pro- 
bable that  in  this  section  Pallas  merely  opened  the  great  cavity  between  the  intestine  and  in- 
tegument, out  of  which  the  « lympha  turbidula"  escaped,  and  that  it  was  not  the  blood-pro- 
per,  as  Milne-Edwards  supposes,  but  the  peritoneal  fluid  which  Pallas  saw. 

(  Annal  des  Sciences,  2"^'  s^rie,  Oct.  1838,  *  Circulation  dans  les  Annelides,'  psr  M.  H.M 
£dward8. 

II  Recherches  pour  servir  li  I'histoire  de  la  drculation  du  sang  chez  les  Annelides,  lues  ^ 
rAcad^nue  des  Sdences  le  30  Oct.  1837. 

f  '  The  Blood^wrpusde  considered  in  its  different  Phases  of  Derdopmeiit  in  the  A»{m»i 
Ssrlcs,'  by  T.  W.  Jones,  fSS.  &c,  PhiL  Twns.  part  2, 1846. 
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Mr.  Wharton  Jones  describes  and  figures  the  blood-corpuscles  of  the  Earth-  . 
worm  and  the  Leech,  and  thus  defines  the  mode  in  which  he  obtained  the 
specimens  submitted  to  examination : — 

*'  The  blood  was  most  readily  obtained  for  examination  from  the  abdominal 
vessel,  but  in  abstracting  it,  care  was  required  to  guard  against  its  becoming 
mixed  with  the  secretion  poured  out  from  the  skin  in  great  abundance  when 
the  aninud  is  wounded,"  p.  9^,  Mr.  Jones  then  observes,  ^'  The  corpuscles 
of  the  blood  of  the  Earth-worm  are  remarkable  for  their  great  size,  being  on 
ai)  average  yi^nr^^^  ^^  n^W^^^  ^^^^  ^^^^ '°  diameter.  There  are  both  granule 
and  nucleated  cells*.'* 

Investigations  of  the  most  extended  and  scrupulously  exact  description 
enable  the  author  here  to  affirm  mosi  confidently  that  in  the  account  of  the 
corpuscular  elements  of  the  blood  of  the  Annelida  just  cited  from  the  memoirs 
of  Milne-Edwards  and  Wharton  Jones,  these  distinguished  observers  have 
fallen  into  extraordinary  errors.  In  no  single  qteciei  among  the  Annelida 
does  the  blood-proper  contain  any  morphotic  element  whatever]  In  all  in* 
stances,  without  a  single  known  exception,  it  is  a  perfectly  amorphous  fluid, 
presenting  under  the  highest  powers  of  the  best  microscope  no  vbible  cor« 
puscles  or  molecules  or  cells  whatever ;  it  is  a  limpid  fluid  variously  coloured* 
as  originally  and  correctly  described  by  Milne-Edwards,  in  diflerent  species. 
No  complete  distinction  into  venous  and  arterial  blood  can  be  observed,  and 
the  plan  of  the  circulation  renders  such  a  distinction  only  partially  possible. 
In  all  cases  the  colouring  matter  is  fluidified  and  uniformly  blended  with  the 
fluid  mass  of  the  blood  ;  the  colour  therefore  must  be  developed  in  the  fluid 
mass,  for  there  exist  here  no  morphotic  elements  in  the  blood  itself  by 
'  which  the  separation  of  the  coloured  substances  from  the  peritoneal  fluid 
can  be  eflected,  unless  indeed  the  parietes  of  the  vessels  of  the  blood- proper 
discharge  this  eclectic  function.  With  one  exception,  namely,  that  of  Gly^ 
eera  a&Oy  in  which  they  are  red,  the  corpuscles  of  the  peritoneal  fluid 
are  in  all  species  destitute  of  colour.  But  it  is  not  at  air  chemically  impos- 
sible that  the  coloured  ingredients  may  exist  in  this  fluid  in  a  colourless 
state,  and  that  these  ingredients,  through  entering  into  new  combinations, 
may  become  brightly  coloured  after  transition  into  the  true  blood.  In  con- 
sequence of  the  impracticable  minuteness  of  the  quantity,  no  direct  chemical 
analysb  of  the  blood  in  the  Annelid  can  be  executed.  As  to  the  colour, 
however,  analogy  removes  all  doubt  that  the  red  tinge  is  due  to  the  salts  of 
iron,  and  the  green  to  those  of  copper.  In  those  species  in  which  the  blood 
IS  light-yellow,  opake,  or  lymph-like,  it  does  not  follow  that  the  salts  of  the 
coloured  minerals  are  altogether  absent ;  they  may  exist  under  colourless 
combinatioos.  The  physiologist  cannot  view  with  unconcern  the  question 
which  in  this  class  of  animals  afl'ects  the  mode  in  which  the  peritoneal 
fluid  and  the  blood-proper  stand  related  to  each^other.  That  the  former  is 
higher  than  the  latter  in  degree  of  organization  no  doubt  can  exist ;  but  it 
is  not  quite  clear  that  the  true  blood  is  reproduced  out  of  the  elements  of  the 
peritoneal  fluid ;  since  the  vessels  distributed  over  the  parietes  of  the 
alimentary  canal  may  take  up  some  of  the  immediate  products  of  digestion 
before  the  latter  exude  into  the  general  cavity  of  the  body  to  mingle  with  its 
semi-aqueous  contents.  Nor  can  it  be  aflirmed,  from  the  evidence  drawn 
from  its  composition,  that  the  peritoneal  fluid  is  unfitted  to  supply  the 
means  of  nutrition  to  the  solid  structures,  into  the  interior  of  which  in  every 

*  Here  follows  an  elaborate  account  of  the  metamorphoses  which  these  two  varieties  of 
oorpuscles  undergo ;  and  with  respect  to  the  Leech,  Mr.  Jones  states,  **  that  whilst  the  corpas- 
cks  of  the  blood  of  the  Earth-worm  are  the  largest  which  I  have  yet  found  in  any  vertebrate 
aninuU,  the  corpuscles  of  the  Leech  are  the  smallest''  (p.  95,  op.  cit,) 
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part  of  the  bod  j  it  intimately  penetrates.  It  is  more  probable,  becanse  more 
in  accordance  with  analogy,  however,  to  suppose  that  it  is  a  manufactory  in 
itself,  that  its  corpuscles  execute  an  office  by  which  the  mineral  substances 
and  proximate  principles  are  vitally  assimilated,  that  the  corpuscular  elements 
in  the  Annelida  do  in  this  fluid  what  in  the  higher  animals  analogous  bodies 
effect  in  the  blood-proper.  From  these  facts  the  physiologist  may  advisedly 
say  thus  much,  that  in  these  animals  nature  divides  the  vital  fluids  into  two 
separate  and  distinct  orders,  on  one  of  which  the  preparative  and  elaborative 
cell-agency  devolves,  on  the  other  the  work  of  solid  nutrition.  They  prove 
with  great  clearness  that  the  cofpuscular  elements,  either  in  the  blood  itaelf* 
or  as  in  this  case,  in  some  contributory  fluid,  are  essential  to  the  preparation 
of  the  blood-proper ;  for  when  in  the  zoological  series,  as  in  the  higher 
Articulata,  this  corpusculated  fluid  disappears,  the  blood  itself  becomes 
corpusculated,  or  when  the  peritoneal  fluid,  as  in  the  Echinodermata, 
becomes  less  organic,  then  also  morphotic  elements  are  developed  in  the  true 
blood.  From  these  observations  the  inference  may  be  further  drawn,  that 
between  these  two  nutritious  fluids  there  exists  a  definite  physiological 
balance,  that  one  is  capable  of  absorbing  or  merging  into  the  other,  according 
as  the  observer  ascends  or  descends  the  organic  scale.  The  peritoneal 
system  of  fluid  terminates  at  the  standard  of  the  insect,  the  true  blood  system 
traced  downwards  terminates  at  the  Echinodermata. 

CircuUUing  System^ — Under  this  division  of  our  subject  we  propose  to 
consider  only  the  central  apparatus  of  the  true  blood-circulation  in  the  Anne^ 
Uda,  postponing  the  study  of  the  periphery  of  this  system  to  the  time  when, 
in  the  order  of  our  arrangement,  the  branchial,  pedal  and  tentacular  appen- 
dages shall  have  to  be  described. 

To  Prof.  Milne-Edwards  is  due  the  merit  of  having  first  contributed  to 
science  a  systematic  and  exact  exposition  of  the  circulating  system  of  the 
worms.  Preceding  and  contemporary  anatomists  had  indeed  offered  at 
different  times  detached  and  ill-digested  observations  on  this  branch  of  com- 
parative anatomy.  Elaborate  memoirs  on  the  organization  of  some  specie^ 
of  Annelida  from  the  pen  of  M.  Quatrefages,  have  recently  appeared  in  the 
*  Annates  des  Sciences  Naturelles*.'  From  the  conclusions  and  descriptions 
of  this  naturalist,  the  author  of  this  Report  will  have  frequent  occasion  very 
materially  to  differ.  In  the  following  account,  which  will  be  drawn  almost 
entirely  from  original  observations,  no  order  will  be  observed  in  the  selection 
of  examples.  So  great  is  the  simplicity  of  the  plan  on  which  the  main  vas- 
cular trunks,  constituting  the  central  apparatus  of  the  circulation  in  Annelids, 
are  arranged,  that  a  few  general  statements,  expressive  of  leading  constructive 
principles,  will  be  found  not  inapt  as  introductory  to  the  study  of  details : — 

1st.  In  all  Annelids  the  blood  flows  in  the  great  dorsal  trunk  from  the  tail 
towards  the  head.  ^ 

2nd.  In  all  Annelids  the  blood  flows  in  the  great  ventral  trunk  from  the 
head  towards  the  tail. 

3rd.  In  the  whole  integumentary  system  of  vessels  the  blood  moves  from 
the  great  ventral  towards  the  great  dorsal  trunk ;  this  movement  constitutes 
the  annular  or  transverse  circulation.  The  main  current  of  the  blood  in  the 
ventral  trunk  pursues  a  longitudinal  course  until  exhausted  by  successive 
lateral  deviations. 

4th.  In  the  majority  of  Annelids  the  intestinal  system  of  vessels  consists  of 
four  longitudinal  trunks :  one  dorsal,  which  may  be  called  dorso-intestinal ; 

*  Etudes  sur  lea  types  inft^rienrs  de  rembranchement  des  Annelides,  par  M.  de  Quatre- 
fiiges;  et  M6moire  sur  la  f^mille  des  Henoelliens,  3*°«  s^rie,  1848. 
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one  ventral,  which  may  be  distinguished  as  the  sub-intestinal ;  and  two  lateral. 
These  several  trunks  are  joined  together  by  circularly  disposed  branches, 
bearing  a  dense,  glandular,  capillary  system.  In  the  inferior  intestinal  system 
the  general  movement  of  the  blood  is  from  before  backwards,  in  the  circular 
branches  from  the  ventral  towards  the  dorsal  trunk. 

5th.  In  Aremcokif  Nats,  Lumbrictis,  ffirtido,  the  dorso-intestinal  trunk 
sends  off  the  afferent  branchial  vessels,  and  these  latter  return  into  the  great 
dorsal  trunk.  In  these  species  the  former  vessel  therefore  discharges  the  func- 
tions of  a  pulmonary  artery  or  branchial  heart. 

6th.  In  the  Terebeli€B  wad  Serpula,  which  are  cephalobranchiate,  the  ante- 
rior extremity  of  the  great  dorsal  trunk  enlarges  tusiformly  and  propels  the 
blood  directly  into  the  branchial  appendages.  In  these  genera  therefore 
ihig  vessel  becomes  the  branchial  heart ;  and  the  great  ventral  trunk,  into 
which  the  efferent  branchial  vesseb  empty  themselves,  becomes  the  systemic 
aorta. 

7th.  In  all  cases,  without  exception,  the  three  inferior  intestinal  trunks 
carry  arterial  blood,  and  in  nearly  all  species^  the  dorso* intestinal  venous. 

8th.  In  Arenicola,  Nats,  and  the  Borlasioi  and  LiniadtB,  there  exists  a  di- 
stinct heart. 

9th.  In  all  other  species  the  main  vessels,  more  or  less  modified  in  different 
species,  constitute  the  propulsive  centres. 

To  these  general  statements,  which  in  the  Annelida  express  the  main  laws 
of  the  circulating  system,  no  real  exception  occurs. 

In  different  species  different  {)ortions  of  this  system  receive  augmented  de- 
velopment, in  accordance,  first,  with  the  method  of  the  respiratory  process,  the 
position  of  the  branchiae,  and  the  degree  of  muscular  mobility  conferred  on 
different  parts  of  the  body.  In  those  species  in  which  locomotion  is  accom- 
plished by  alternate  and  extreme  elongation  and  contraction  of  the  body,  the 
▼esseb  are  in  all  parts  remarkably  coiled  and  convoluted.  This  feature  is 
exemplified  most  perfectly  in  NaisJUiformis,  If  a  part  of  the  body  only  be 
endowed  with  this  vermiform  mobility,  the  convoluted  character  of  the  blood- 
vessel is  limited  to  such  part ;  and  this  embraces  most  frequently  the  region 
of  the  oesophagus. 

In  the  Leech  the  circulating  system  is  more  highly  developed  than  in  any 
other  Annelid.  The  presence  or  absence  of  a  heart-like  centre  to  this  system^ 
Is  by  no  means  in  this  class  of  animals  the  true  criterion  of  the  degree  of  its 
evolution.  The  amount  of  blood  relatively  to  the  size  of  the  body,  the  degree 
of  capillary  subdivision  which  occurs  on  the  periphery  of  the  blood-system, 
and  the  proportion  of  the  latter  to  the  peritoneal  fluid,  form  more  correct 
indications.  In  the  Leech  there  exists  no  free  space  between  the  intes* 
tine  and  integument ;  to  this  anatomical  fact  the  highest  interest  will  be  sub- 
sequently shown  to  belong  when  explaining  the  mechanism  of  respiration  in 
this  Annelid.  Here  the  chylous  fluid,  which,  as  formerly  shown  in  nearly  all 
other  Annelids,  occupies  the  general  cavity  of  the  body,  like  a  cylindrical 
fluid  stratum,  separating  the  intestine  from  the  integument,  is  transferred  into 
the  interior  of  the  lateral  diverticula  of  the  stomach.  The  peritoneal  chamber 
being  no  longer  required,  is  obliterated  by  the  adhesion  of  the  intestine  to 
the  integument ;  the  union  of  these  parts  is  effected  through  the  medium  of 
a  dense,  spongy  layer  of  capillary  blood-vessels,  the  contents  of  which  are 
exposed  internally  to  the  influence  of  the  fluid  contained  in  the  digestive 
Gseca,  and  externally  to  that  of  the  circumfluent  element ;  hence  the  mecha- 
nism of  the  respiratory  process,  and  the  power  enjoyed  by  this  and  other 
•  abranchiate  Annelids  of  dispensing  with  all  external  breathing  appendages* 
While,  however,  the  peripheral  segment  of  the  vascular  system  in  the  Leech 
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exhibiU  proofo  of  great  complexity,  the  main  earrents  of  the  blood  obej  two 
leading  directions.  If  the  body  of  the  worm  be  longitudinallj  bisected  bj 
an  imaginary,  horizontal  plane,  into  a  donal  and  ventoal  semi-cylinder,  then 
the  blood  in  the  primary  trunks  of  the  dorsal  half  will  move  from  the  toil 
towards  the  head,  and  in  the  ventral  half  from  the  head  towards  the  teO: 
this  movement  prevails  equally  in  the  great  longitudinal  trunks  of  the  intego- 
ments  and  alimentary  oanaL  The  transverse  or  circalar  movement  of  the 
blood  b  performed  by  means  of  branches  which  run  between  the  main  loo* 
gitodinal  vessels ;  this  latter  system  is  divisible  vertically  into  as  many  por- 
tions as  there  are  rings  in  the  body  of  the  worm ;  each  segment  of  the  body 
under  this  arrangement  has  its  own  independent  circulation,  transvene  ind 
longitudinal.  Thus  the  currents  describe  two  eccentric  ellipses,  cuttiogeicli 
other  at  right  angles ;  of  course  the  segmental  divisions  of  the  general  systen 
communicate  with  each  other  most  intimately  at  every  part,  while  the  prinoiy 
longitudinal  trunks  are  common  to  all  the  segments.  From  this  descriptioB 
it  is  manifetitly  impossible  that  a  distinction  of  venous  and  arterial  blood  cut 
exist  in  the  circuUting  system  of  this  Annelid  ;  in  every  part  of  the  circan* 
ference  of  each  ring  the  blood  is  being  arterialized  as  it  is  being  rendered 
venous  ;  the  two  opposite  processes  proceed  simultaneously  in  the  same  capfl* 
lary  system ;  the  blood  must  be  therefore  as  arterial  and  as  venous  st  m 
and  the  same  time  in  the  dorsal  and  in  the  ventral  trunks  ;  the  dorsal  mua 
is  notwithstanding  recipient,  the  ventral  distributive  of  the  blood ;  all  the 
secondary  currents  converge  upon  the  former  and  emanate  from  the  latter; 
the  blood  in  both  is  nevertheless  identical  in  physiological  properties. 

A  diagram  accompanying  this  Report  conveys  a  correct  ezpressioo  oftk 
principles  as  now  explained  (fig.  6). 

There  is,  however,  in  the  L^ch  another  distinct  and  almost  indepeodeot 
segment  superadded  to  the  general  circulation,  which,  since  the  sra  of  the 
memoirs  of  M.  Dugds*,  has  been  called  the  respiratory  or  pulmonary  systeia 
If  there  existed  really  in  nature  what  this  anatomist  has  described,  most 
wonderful  and  admirabe  indeed,  estimated  by  the  Annelidan  type,  wobM  be 
this  pulmonary  system.  The  illustrations  of  the  singular  vesseb  compoaii^ 
this  **  minor  circulation  **  for  breathing,  as  originally  given  in  the  memoir  of 
M.  Dugds,  must  be  familiar  to  every  one  who  has  ever  opened  a  bookoo 
zoology ;  since  every  European  writer,  from  the  year  1828,  has  serrilely 
copied  the  figures  given  by  M.  Dugds.  M.  Quatrefages,  in  the  illustratioiii 
published  in  the  last  edition  (Crochard's)  of  the  '  R^ne  Animalf,'  has  iodi' 
cated  the  pultnonary  hearts  of  M.  Dugda  as  the  "  poc^es  secretrices  latMo 
avec  leurs  caecum,"  an  error  no  less  extraordinary  than  that  committed  by 
his  eminent  predecessor  in  this  branch  of  comparative  anatomy.  The  fol- 
lowing description  of  the  minute  anatomy  of  these  parts  will  prove  coocla- 
sively,  that  these  two  observers,  in  whose  track  all  modem  anatomists,  ^^• 
out  a  single  exception,  have  followed,  have  imperfectly  described  what  they 
saw,  and  saw  most  incompletely  what  existed  in  nature.  The  curved  brancbtf 
supplying  the  respiratory  sacs^,  to  which  M.  Dug^  has  assigned  the  naoaeof 

*  '  Recherches  stir  les  Aniielldes  Abranchet,'  AnnaL  des  Sciences  Naturelles,  t.  zr. 

f  Sec  Plate  24,  VoL  sur  Annelides. 

i  If  the  reader  will  refer  to  Rymer  Jones'  *  Animal  Kingdom/  Art,  AtrnMoy  by  Mibe 
Edwards,  in  the  Cyclopaedia  of  Anatomy  and  Physiology,  or  Owen's  *  Lectures  on  Ctmpr^^ 
Anatomy/  he  will  see  that  the  so-called  pulmonary  hearts  of  Dug^,  which  are  reproaiM  K 
thick-walled,  fusiform  vessels,  arising  from  the  dorso-kteral  trunk,  and  braJdag  '^^,  * 
plexus  of  capillaries  upon  the  parietea  of  the  so-called  respiratory  sacs,  correspond  a  o^ 
with  the  upper  edge  of  the  utero-oyarian  system  as  figured  in  tiie  illustration,  fig.  6-  j'jJJ  * 
than  this  resembUnce  of  outline,  there  is  nothing  in  common  between  the  rendti  of  ^ 
inquiiies  and  the  conclusions  of  Dug^. 
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pulmonary  hearts,  form  in  reality  the  edge  of  the  utero-ovarian  organ  (fig.  6/; 
The  walb  of  these  fusiform  hearts  are  described  as  muscular,  highly  irritable, 
and  perforated  only  by  a  small  bore.  The  error  of  this  description  is  so 
flagrant,  that  we  are  constrained  to  stop,  that  we  may  indulge  in  one  more 
expression  of  surprise,  that  English  authors  for  a  period  of  twenty-three 
years,  and  that  in  the  epoch  of  the  microscope,  should  have  lent  themselves 
to  the  propagation  of  statements  so  diametrically  at  Tariance  with  nature. 
The  detailed  description  of  these  parts  will  belong  to  that  division  of  this 
memoir  which  treats  of  the  reproductive  organs  of  the  Leech  ;  to  this  source 
the  reader  is  accordingly  directed  for  full  information. 

In  addition  to  the  main  dorsal  and  ventral  trunks,  there  exists  in  this  An- 
nelid and  in  the  Earth-worm,  two  strong  and  obvious  lateral  trunks,  one  on 
each  side  (fig.  6,  e,  e),  as  to  position  and  size,  correctly  enough  described 
by  Dugds  under  the  appropriate  name  of  latero-abdominal  vessels;  the 
remarkable  structure  of  these  vesseb  has,  however,  altogether  eluded  the 
observation  of  M .  Dugds.  In  his  account  they  are  described  as  ordinary 
vessels,  while  the  branches  proceeding  from  them  are  represented  as  furnished 
with  very  strong  muscular  parietes.  Our  researches  have  led  us  to  conclu« 
sions  directly  the  reverse  of  those  of  M.  Dug^  The  branches  exhibit  in 
their  walls  a  structure  precisely  the  same  as  that  which  distinguishes  the 
vascular  system  in  every  other  part  of  the  body,  while  the  primary  laierai 
trunks  are  provided  with  remarkable  muscular  parietes,  the  fibre  of  the 
muscle  being  of  the  striped  kind.  The  fascicle  of  the  muscle  composing  the 
walls  is  arranged  in  a  manner  which  is  quite  distinctive  of  and  peculiar  to 
this  vessel  (see  fig.  6,  e,  e) ;  it  is  coiled  with  so  much  regularity  as  to  en* 
close  a  perfect  cylinder,  in  which  the  blood  flows ;  the  longitudinal  fibres  are 
almost  entirely  suppressed ;  the  circular  fascicles,  lined  within  by  a  hyaline 
membrane,  constitute  therefore  the  exclusive  coat  of  the  vessel ;  such  a  ves« 
sel  is  almost  unique  in  structure  in  the  animal  series,  but  none  other  would 
perform  so  admirably  the  peculiar  duties  for  which  it  is  introduced  into  this 
part,  obviously  as  a  special  provision.  Its  business  is  to  transmit  with  aug-^ 
mented  force  a  current  of  blood,  in  a  transverse  direction,  from  the  side  to 
the  Qter<M>varian  organs ;  these  organs  form  a  double  longitudinal  series,  one 
en  either  side  of  the  ventral  mesiad  line*  in  each  annular  segment  of  the 
body.  An  express  branch  from  the  latero-abdominal  trunk  on  either  side  is 
rendered  to  these  reproductive  organs  (fig.  6,  A) ;  so  that  the  amount  of  blood 
propelled  by  this  vessel,  measured  in  its  totality,  must  be  very  considerable ; 
and  the  quantity,  during  the  generative  season,  must  undergo  great  increase^ 
in  consequence  of  the  augmentation  of  size  which  at  this  period  these  organs 
experience.  The  lateral  longitudinal  vessel  is  strikingly  adapted  to  meet 
such  alternations  of  extremes ;  constructed  of  muscle,  it  readily  yields  under 
ihe/kno  of  the  blood-tide  to  the  organs  to  whose  wants  it  ministers ;  and 
eonstructed  of  muscle,  its  parietes  augment  by  accelerated  nutrition  during 
the  periods  of  increased  local  determination  of  blood ;  formed  of  any  other 
structure  than  muscle,  such  admirable  adaptive  alternations  could  not  happen. 

In  the  dissections  of  Quatrefagesfy  the  great  dorsal  trunk  in  the  Leech  is 
correctly  represented  as  common  to  the  integument  and  intestine.  In  con- 
sequence of  the  layer  of  pigmental  glandular  cells  by  which  all  the  vessels 
in  this  Annelid  are  enveloped,  to  trace  their  courses  individually  is  rendered, 
praetically,  very  difficult. 

The  Barih-foorm  exhibits  a  vascular  system  (Plate  III.  fig.  7),  of  which  the 
plan  coincides  in  a  remarkably  intimate  manner  with  that  of  the  Leech.    This 
eorrespoiuience  between  the  circulatory  systems  of  these  two  Annelids  arises 
*  Vide  ReprodnetiTe  Organs,  &c  t  X^gne  Animal,  ToL  Jnnettdei. 
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from  a  similarity  in  the  structure  and  dispoctitioD  of  the  utero-ovarian  organs ; 
while  the  male  organs  in  these  two  worms  strikingly  differ  in  structure  and 
arrangement,  the  female  systems  are  almost  identical.  To  this  system  in  the 
Earth-worm,  again,  M.  Quatrefages  has  erroneously  applied  the  desoiptioo  of 
^* Secretory pouchesy*  "  poches  secretrtces  venant  s'ouvrir  sur  le  dos  par  lea 
canaux  renflis*.**  The  primary  longitudinal  trunks  are  similar  in  number  and 
disposition  to  those  of  the  Leech ;  the  direction  of  the  blood-current  is  also 
the  same.  In  the  dorsal  longitudinal  half  of  the  system,  the  blood  moves  from 
the  tail  towards  the  head  ;  in  the  ventral,  contrariwise.  In  the  Earth-womiy 
in  this  respect  distinguished  from  the  Leech,  the  intestine  is  only  tied  to  the 
integuments  at  the  interanuular  points;  the  intervals  or  segmental  spaces 
being  left  as  chambers,  containing  a  small  quantity  of  viscid  corpnsculated 
fluid,  which  is  the  peritoneal  fluid  of  this  worm.  The  interposition  of 
a  fluid  stratum  in  this  part  involves  other  anatomical  modifications,  which 
still  further  separate  the  organization  of  the  Earth-worm  from  that  of  the 
Leech ;  the  spongy  vessels  described  as  occupying  this  part  in  the  latter  are 
absent  in  the  former.  The  intestine  as  well  as  the  integuments  are  reticu- 
lated with  elaborate  capillary  plexuses  (fig.  7,/),  both  of  which  enact  a  part 
in  the  process  of  respiration.  The  complex  character  of  the  peripheral  cir- 
culation in  the  Earth-worm,  proves  with  great  force  the  inverse  proportion 
which  in  all  Annelids  exist  between  the  volume  of  the  blood-proper  and  that 
of  the  peritoneal  fluid.  In  this  worm  accordingly,  from  the  denseness  of  the 
peripheral  capillaries,  the  physiologist  may  predicate  almost  the  absence  of 
the  peritoneal  fluid. 

Superadded  to  the  primary  median  blood-channels  (fig.  7,  a  and  dj  c),  a 
minor  lateral  system,  founded  upon  the  latero-abdominal  trunk,  may  be  de* 
monstrated  in  the  Earth-worm  as  in  the  Leech ;  in  all  essential  particulars  in 
the  two  cases,  the  main  trunk  of  the  system  and  its  branches  are  the  same. 
The  Earth-worm  is  essentially  a  water-breathing  animal ;  it  dies  in  pure  water 
from  starvation,  in  dry  air  from  asphyxia ;  the  character  of  the  circulatory 
fluids  obviously  suggest  the  above  inferences.  The  larger  blood  vessels,  where- 
ever  they  come  into  relation  with  the  intestine,  are  more  or  less  embraced  by 
the  peritoneal  membrane  of  this  canal,  and  in  this,  as  in  all  worms,  this  mem- 
brane is  intimately  adherent  to  the  biliary  gland-cells.  In  its  foldings,  this 
structure,  with  its  yellow-coloured  cells,  more  or  less  envelopes  the  vesaeb, 
and  gives  to  them  the  appearance  of  being  surrounded  by  a  spongy  pigmental 
coat  M.  Merren,  in  the  refinement  of  his  dissections,  saw  in  this  covering  a 
separate  structure,  and  dbtinguished  it  as  the  <<  ChloraffogenaV  An- order 
of  vessels  in  the  circulating  system  of  the  Earth-worm  now  presents  itself,  to 
which  there  exists  no  parallel  in  that  of  the  Leech.  At  the  segments  occu- 
pied by  the  testicular  masses,  the  great  dorsal  trunk  detaches  symmetrical, 
lateral,  successive  branches  (fig.  7,  b,  b)  of  large  calibre,  to  the  number  of 
seven  or  eight,  which  vertically  embrace  the  oesophageal  intestine,  and  empty 
themselves,  without  subdivision,  into  the  ventral  trunk.  By  Dug^  and  aii 
subsequent  writers  these  vessels  have  been  called  the  m&niliform  hearts. 
Quatrefages,  in  his  recent  and  beautiful  illustrations,  published  in  Crochard's 
edition  of  the  *Rdgne  Animal,'  has  depicted  these  vessels  as  consisting  of  a 
succession  of  beads,  as  moniliform  as  those  given  in  the  lectures  of  Sir  Everard 
Home,  or  by  the  ancient  Willw,  in  his  dasaic  work  'De  Anim&  Brutorum  I' 
In  real  truth,  these  vessels  are  not  in  the  slightest  degree  whatever  monili' 
form ;  they  consist  of  nearly  uniformly  outlined  cylinders  ;  the  middle  of  each 
vessel,  however,  is  slightly  bulged  (fig.  7,  6'").    They  constitute  direct  com- 

in-^;S!*S!^'r^*i?S'''*^*'?^^^''^^  Bxtraifd«wchciches 

iaiditcs  sw  lei  Annelidet,  ptr  M.  de  Quatre&gei. 
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nuDlcations  between  the  donal  and  ventral  trunks ;  in  them  the  blood  sets 
vertically  downwards  from  the  dorsal  to  the  abdominal  vessels.    In  other 
vertical  vessels  situated  more  posteriorly  and  parallel  to  the  so-called  monili- 
form  hearts,  the  blood  moves  in  a  converse  direction  from  below  upwards : 
the  moniliform  character  which  these  vessels  exhibit  is  produced  by  the  pro« 
cess  of  dissection.     If,  in  the  ordinary  way,  a  longitudinal  dorsal  incision  is 
made,  and  the  two  halves  be  then  separated  and  pinned  down,  the  vessels  under 
such  tension  are  sure  to  assume  a  moniliform  outline ;  that  is,  one  part  will 
contract,  and  another  will  dilate,  and  so  on  successively  throughout  the  length 
of  the  vessels ;  the  dilated  portion  will  be  filled  with  blood,  and  the  contracted 
will  be  empty,  and  the  beaded  figure  will  \>e  perfect.    If,  however,  a  more 
careful  mode  of  opening  .the  wonn  be  adopted,  dividing  by  means  of  a  fine 
scissors  the  membranous  segmental  partitions,  and  laying  gently  open  the 
integuments,  these  vessels  will  present  a  perfectly  smootli  outline ;  if  now  one 
of  them  be  seized  with  the  forceps  and  gently  pulled,  it  will  become  irregu* 
larly  knotted  or  moniliform.     Muscular  fibres,  chiefly  circular,  are  present  in 
their  parietes,  and  it  is  to  the  uneven  action  of  these  elements  that  the  beaded 
fbnn  is  attributable.     The  contraction  of  the  circular  fibres  at  two  points 
separated  by  a  short  interval,  imprisoning  in  that  interval  a  globule  of  blood, 
the  same  conditions  occurring  at  another  part,  explain  clearly  the  mode  in 
which  the  moniliform  character  occurs.    Every  European  writer  for  the  last 
thirty  vears  bas  glowed  with  admiration  in  describing  these  "moniliform 
hearts'  in  the  Earth-worm  I     And  yet  even  without  the  refutations  of  de- 
monstrative anatomy,  how  easy,  on  a  little  mechanical  consideration,  would  it 
have  been  to  see  that  no  form  of  vessel  could  have  been  mechanically  less 
adapted  for  reinforcing  the  moving  power  of  the  blood-current  than  a  conduit 
composed  of  a  succession  of  contractions  and  dilatations !  it  b  evident  that 
the  efiicient  propeller  would  be  the  last  dilatation  only  in  the  series.    A 
spindle-shaped  tube,  on  the  other  hand,  and  muscularly  contractile,  will  be 
seen  to  realize  all  the  physical  conditions  required  under  such  circumstances 
for  imparting  a  new  impulse  to  the  moving  current.     The  latero-abdominal 
trunks,  destined  for  the  supply  of  the  utero< ovarian  system,  are  present  in  the 
Earth-worm,  and  present  a  structure  and  relations  analogous  to  the  corre- 
sponding vessels  in  the  Leech ;  in  the  latter,  however,  the  circular  muscular 
fibres  are  much  more  developed  than  in  the  former,  and  the  vessel  is  relatively 
larger. 

It  was  imagined  by  Willis*  that  he  had  discovered  the  existence  of  a  series 
of  pores  upon  the  dorsal  aspect  of  the  Earth-worm,  which  by  him  were  con- 
strued into  stigmata ;  and  in  confirmation  of  their  perforate  character,  he  re- 
lates that  air  blown  into  the  openings  is  dispersed  between  the  integument 
and  intestine,  difi'using  itself  throughout  the  segmental  compartments.  It  is 
stated  by  Dug^  that  he  has  repeated  these  experiments  with  the  same  results, 
finding  that  the  pores,  instead  of  terminating  in  muciparous  follicles,  as  they 
were  supposed  to  do  by  many  anatomists,  penetrate  into  the  interior  of  the 
body,  so  that  air  injected  into  one  of  them  passes  freely  along  the  segmental 
chambers  which  surround  the  intestine  and  escape  through  other  neighbour* 
ing  orifices.  By  these  distinguished  authors  it  is  further'  affirmed,  that  water 
is  imbibed  into  the  segmental  chambers  through  the  same  orifices,  and  from 
which  it  is  given  out  when  the  animal  is  too  rapidly  dried  by  exposure  to  the 
sun,  or  irritated  by  external  stimuli.  And  it  is  conjectured  that  aerated  water 
thus  taken  into  the  system,  and  brought  immediately  into  contact  with  the 
deep-seated  vascular  network  dispersed  over  the  intestinal  parietes,  must, 
therefore,  necessarily  contribute  to  the  respiratory  formation. 
*  De  Ammi  Brat^mm,  4to,  1672, 
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These  observations  of  Willis  and  Dugds  are  totally  irreconeileable  with  th« 
facts  adduced  in  this  Report: — ^first,  the  alleged  orifices  (stigmata),  oommu* 
nicating  directly  with  the  cavity  of  the  body,  cannot  now  be  proved  to  exist ; 
and  secondly,  it  is  susceptible  of  demonstration  that  the  fluid  contained  in 
the  peritoneid  space  is  not  toaiefy  in  this  worm,  even  though  it  may  have 
been  immersed  for  some  hours  in  water  previously  to  the  examination.  As 
already  described,  the  contents  of  the  cavity  are  composed  of  a  viscid,  oor* 
pusculated  fluid,  insusceptible,  from  its  consistency,  of  such  rapid  removal  as 
is  implied  in  the  above  observations.  The  orificea  which  communicate  with 
the  interior  in  this  worm,  as  in  nearly  all  others,  open  directly  into  the  mem- 
branous  utriculi  of  the  generative  system.  No  other  perforations  can  be  proved 
to  exist. 

In  Nais  Jilifonnis,  so  abundant  in  the  freshwater  pools  of  this  country, 
the  anatomist  is  presented  with  a  favourable  opportunity  for  resolving  the 
problem  of  the  circulation  (fig.  8).  A  living  specimen,  placed  between  two 
slips  of  glass,  from  the  perfect  transparency  of  the  integuments,  will  exhibit 
to  the  eye,  in  a  perfect  manner,  all  the  circulating  movements  both  of  the 
vessels  and  the  blood.  In  iVoM,  the  large  dorsal  vessel  (fig.  8,  a)  is  first  seen 
travelling  wavingly  along  the  dorsum  of  the  intestine  as  far  as  the  heart, 
which  corresponds  in  situation  with  the  intestinal  end  of  the  oesophagus. 
This  vessel  is  enveloped  by  the  glandular  peritoneal  layer  of  the  inteatiue, 
while  the  coats  of  the  ventral  vessel  are  clear  and  transparent ;  the  dorsal 
vessel  is  endowed  with  parietes  of  greater  strength  and  density  than  the 
ventral.  Each  of  these  vessels  (as  at  fig.  8,  a',  6')  dilates  into  a  fusiform  heart, 
which  is  situated  on  either  side  of  the  oesophagus.  These  hearts,  which  are 
joined  together  by  transverse  vessels,  pulsate  eUiemaiefy,  and  with  exact 
regularity.  In  the  dorsal  vessel  the  blood  moves  forwards  Jrom  the  tail,  as 
far  as  the  dorsal  heart ;  thence  it  descends  into  the  ventral  heart,  by  which  it 
is  now  propelled,  chiefly  in  a  backward  direction,  partly  through  the  main 
ventral  trunk,  and  partly  through  the  inferior  intestinal.  The  other  portion 
of  the  blood,  conveyed  by  the  great  dorsal  vessel  into  the  ventral  heart  (6'), 
passes  forwards  as  far  as  the  head,  where  its  moving  power  is  again  rein- 
forced by  a  cardiac  dilatation,  which  now  impels  the  current  from  before 
backwards  through  a  superior  oesophageal  trunk  into  the  dar$al  heart  (of  ^  by 
which  organ,  the  blood,  received  from  the  region  of  the  oesophagus,  and  coming 
from  the  head,  as  well  as  that  received  from  the  great  dorsal,  and  coming  from 
the  tail,  is  urged  downwards  into  the  ventral  heart,  and  thence,  chiefly  in  the 
direction  of  the  tail,  through  the  ventral  and  intestinal  trunks  (^/);  this 
latter,  therefore,  is  the  true  systemic  heart  At  the  oesophageal  end  of  the 
body  the  two  primary  trunks,  dorsal  and  ventral,  are  connected  together  by 
means  of  a  remarkable  class  of  vessels  (^,  g^  like  ^,  ^,  ^),  which  in  this  region 
proceed  at  successive  points  from  the  dorsal  oesophageal,  and  which  mav  be 
traced  in  long  coils,  without  division  cfiks  vesul^  floating  in  the  fluid  of  the 
peritoneal  cavity.  Posteriorly  to  the  heart-centre  these  vessels  (fig.  8,  ^,  ^,  g) 
emanate  from  the  dorsal  intestinal  (6),  and  correspond  precisely  with  those 
branches  from  the  same  vessel,  which  in  Arenicola  Piscatorum  proceed  to 
supply  the  branchial  arbuscles.  In  Nais,  therefore,  partly  from  this  ana* 
logy,  but  chiefly  from  their  anatomical  relations,  batheid  by,  and  floating  in, 
the  chyl-aqueous  contents  of  the  peritoneal  cavity,  the  physiologist  can  ex* 
perience  no  difficulty  in  dedicating  these  coiled  vessels  to  uses  very  definite. 
First,  it  cannot  be  doubted  that  they  absorb  from  this  fluid  the  elements  by 
which  the  blood-proper  is  formed  and  replenished  ;  and  secondly,  it  is  in  the 
strongest  degree  probable^  that  the  true  blood  is  in  great  part  aerated  through 
the  agency  of  these  vessels  upon  the  gaseous  elements  contained  in  the  peri- 
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tODeal  fluid.  Thej  constitute  the  ^fecial  branchial  system  of  vessels  (internal 
branchisB),  while  they  discharge  incidentally  an  absorbent  function.  In  the 
movement  of  the  blood,  then,  in  Nais  as  in  LumhricuSf  there  are  discernible 
only  two  leading  directions,— one  forward,  in  the  primary  and  intestinal  dor- 
sal vessels  (fig.  8,  a,  6),  the  other  backward,  in  the  primary  and  intestinal 
ventral  (fig.  8,  d,  e,/).  It  is  not  possible  to  trace  the  blood  into  the  capil- 
lary parietal  system  of  the  intestine,  in  consequence  of  the  transparency  of 
the  stream  when  thus  minutely  subdivided.  In  Nais  there  is  also  an  integu- 
mentary system  which  intervenes  between  the  two  primary  (dorsal  and  abdo* 
minal)  trunks  (a,/),  ramifying  on  the  substance  of  the  integuments,  upoa 
which  in  part  a  respiratory  function  may  devolve. 

In  the  TerebelkBy  in  consequence  of  the  concentration  of  the  tentacles  and 
branchiae  around  the  head,  the  blood-system  at  this  extremitv  of  the  body 
discovers  a  great  increase  of  development.  The  peritoneal  fluid  in  this 
genus  is  very  voluminous  and  densely  corpusculated ;  the  system  of  the 
blood-proper  is  notwithstanding  elaborate  and  full-formed.  The  chamber  of 
the  peritoneum  is  one  undivided  space — the  segniental  partitions  of  the 
Earth-worm  and  the  Leech  being  here  replaced  by  limited  bands  proceeding 
from  the  intestine  to  the  integument,  tying  together  these  two  cylinders,  such 
as  to  permit  one  to  move  longitudinally  within  the  other  with  remarkable 
freedom. 

The  great  dorsal  vessel  in  TerdfcUa  nebulosa  is  limited  to  the  anterior 
extremity  of  the  body  (fig.  9,  a).  It  emanates  chiefly  from  a  large  circular 
vessel  (6),  embracing  the  base  of  the  oesophagus  which  receives  the  whole 
blood  of  the  intestinal  system.  In  this  species,  therefore,  the  primary  and 
intestinal  dorsal  trunks,  over  the  whole  intestinal  region,  are  united,  or  the 
former  vessel  is  superseded  by  the  latter. 

On  the  dorsal  view  of  the  oesophagus,  a  large,  pulsatile,  fusiform  vessel  (a) 
is  displayed  on  the  first  opening  of  the  integument  in  a  longitudinal  direction. 
I^ittie  attached  to  the  structure  on  which  it  rests,  it  appears  as  if  suspended 
in  the  fluid  of  the  peritoneal  cavity.  Advancing  to  the  occipital  ring,  it 
breaks  out  into  six  branches  (c^),  of  which  three  proceed  to  the  branchiae  of  each 
side,  while  the  reduced  continuation  of  the  original  trunk  furnishes  minute 
ramuscules  to  the  tentacles,  in  the  hollow  axis  of  each  of  which  an  afferent 
and  efferent  vessel  is  contained,  surrounded  by  the  peritoneal  fluid,  which 
penetrates  to  the  remotest  ends  of  these  exquisite  organs.  Both  from  the 
tentacles  and  branchiae,  the  blood  now  returns  into  the  great  ventral  trunk  (c\ 
which  to  the  posterior  extremity  of  the  body  is  distinct  from  and  indepena- 
ent  of  the  intestinal  system  (/).  From  this  trunk  branches  are  detached  on 
cither  side  of  the  median  line,  for  the  supply  of  the  feet  and  integument. 

At  the  point  corresponding  with  the  circular  vessel  (fig.  9, 6),  the  primary 
Tentral  sends  off' a  considerable  division  for  the  supply  of  the  intestinal  system. 
The  current  therefore  entering  the  glandular  parietes  of  the  intestine  is  purely 
arterial  in  this  genus,  for  it  is  unmixedly  composed  of  blood  returning  from 
the  tentacles  and  the  branchiae,  by  both  which  the  function  of  respiration  is 
performed.  Here  again  there  exist  but  two  principal  directions  in  which 
the  blood  circulates,  viz.  longitudinally  and  transversely,  or  circularly,  the 
former  currents  being  connected  by  the  latter.  The  circular  vessel  (fig.  8, 6) 
acts  like  an  auricle ;  it  receives  the  blood  from  the  intestinal  system  and  de- 
livers it  into  the  great  dorsal  (a).  The  alimentary  canal  is  embraced  in  this 
genus,  as  in  all  Annelids,  by  a  framework  of  longitudinal  and  transverse 
vessels,  in  which  the  blood  moves  backwards  below  and  forwards  above  (/)• 
.  In  Terebella  conehilega  the  circulating  system  is  planned  on  the  same 
type  with  that  of  the  former  species.    Here^  as  in  the  former  case,  the  main 
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agent  of  the  circulation  is  seen  in  the  large  oesophageal  dorsal  tmnk,  which 
commences  at  the  confluence  of  the  intestinal  longitudinal  vessels.  The 
yentral-most  of  these  latter,  on  rising  to  the' dorsal  aspect  of  the  canal  and 
meeting  in  the  common  dorsal  cesophageal,  produce,  as  in  T.  ndnUom^  the 
appearance  of  the  vascular  ring  encircling  the  oesophagus.  The  infra* 
neural  or  ventral  trunk,  bearing  a  current  from  the  bran^^iae  and  tentacles 
to  the  intestine  and  integument,  constitutes  the  apparatus  for  the  systemic 
distribution  of  the  blood,  the  dorsal  oesophageal  being  the  true  branchial 
heart.  The  alimentary  canal,  posteriorly  to  the  ring-vessel,  is  embraced  in 
a  framework  of  four  longitudinal  trunks,  severally  communicating  through 
the  medium  of  glandular  capillary  plexuses.  The  peritoneal  fluid  in  this 
species  is  less  voluminous  than  in  the  former.  The  peritoneal  space  is  a 
continuous  chamber,  and  the  parietes  are  vascular.  The  tentacles,  orga- 
nized  nearly  as  in  the  former  species,  are  smaller  and  fewer  in  number. 

The  resemblance  is  remarkable  between  the  circulating  system  of  the 
Euniciada  and  TerebeikB.  At  an  early  period  M.  Delle  Chiaje  recognised 
and  described  the  leading  features  of  the  blood-system  of  Eunice  giganiea^ 
under  the  name  of  IHopeUre*.  M.  de  Blainville  has  also  given  some  account 
of  the  circulation  of  this  wormf.  To  Milne-Edwards  belongs  the  honour  of 
having  first  fully  and  minutely  investigated  the  anatomy  of  the  circulatory 
system  in  this  and  other  Annelida.  In  accuracy  his  description  b  not  to  be 
surpassed.  It  is  only  in  one  particular  that  the  authors  account,  which  has 
been  drawn  with  repeated  care  from  his  own  dissections,  will  be  found  to 
differ  from  the  statement  of  Milne-Edwards]:. 

As  a  great  degree  of  mobility  is  conferred  upon  the  cephalic  extremity  of 
the  body  in  Eunice^  and  as  the  protrusile  oesophagus  is  considerably  less 
vascular  than  the  intestine,  the  great  dorsal  vessel  occurs  here  as  in  the  7%- 
rdfelhB  under  the  character  of  an  unbranching  tube,  reaching  from  the  in- 

*  Memoire  suUa  Btoria  e  uotomia  degli  Animali  senza  vertebre  del  regno  di  Kspoli,  t.  ii. 
p.  396. 

t  Art  VerM  du  Dictionnaire  des  Sciences  Naturelies,  t.  iTiii.  p.  405. 

X  Compare  the  diagram  given  by  the  French  naturalist,  of  the  drculating  system  of  fiMset 
(pi.  12.  fig.  2,  Annales  des  Sciences  NatureUes,  s^.  2,  Octobre  1831)  with  the  author's  de- 
scription as  giyen  in  the  text  with  reference  to  this  Annelid,  a  worm  which  probabfy 
attains  less  gigantic  proportions  in  this  country  than  on  the  southern  parts  of  the  coast  of 
France,  and  the  reader  will  perceive  that  the  lateral  branches  going,  at  each  segment,  into 
the  branchiae,  undtfgo  no  AaarMike  dilatation  as  represented  in  the  illustration  of  Mifaie- 
Edwards.  In  relation  to  these  branches  the  description  of  this  profound  anatomist  nms  as 
follows : — "  Enfin  par  son  extr^mit^  ant^rieure,  le  vaisseau  dorsal  envoie  divers  brandies  ik  la 
t^  et  d'autres  rameaux  qui  se  portent  en  dehors  comme  ehez  les  T^rebelles,  mais  qui,  an 
lieu  de  se  rendre  aux  branchies,  remontent  en  arriere  et  vont  se  distribuer  au  pluaynx  oil 
leurs  divisions  s'anastomosent  avec  celle  du  vaisseau  ventral.  Ge  dernier  tronc  suit  le  mdme 
trsjet  que  chez  les  Ter^belles  et  donne  ^alement  naissance,  dans  chaque  annean  du  coipa,  \ 
une  paire  de  branches  lat^rales.  Mais  la  conformation  de  ces  branches  est  diffierente  ainsi 
que  leur  usages.  Aussitdt  apres  sa  naissance,  chacune  d'elles  se  renfle  beaucoup  et  se  re- 
oonrbe  brusquement  sur  elle-mSme,  de  fis^n  k  ressembler,  lorsqn'on  Texamine  suparfidelle- 
ment,  I.  une  v^culc  ovulaire,  disposition  qui  a  probablement  induit  en  erreur  M.  Delle 
Chi^e,  quand  il  a  annonc^  I'eiistence  d'ampoules  ou  pouches  arrondies,  situ^  sur  le  tnjet 
des  branches  lat^rales  du  vaisseau  dorsal  de  TEunice  gigantesque.  Ces  vaisseaus  transvenaux 
se  portent  ensuite  en  dehors,  foumissent  une  branche  ascendante  au  tube  digestif,  gagnent 
la  base  des  pieds,  y  donne  naissance  k  plusieurs  petitcs  branches  anasiomiques  dontla  r^ 
union  constitue  un  lads  vasculaire,  et  a  des  ramuscules  destines  aux  musdes  et  aux  t%umeDS 
voisins ;  enfin  p^netrent  dans  les  filamens  branchiaux  oorrespondans  et  s'y  terminent.  Le 
sang  qui  a  subi  I'influcnce  de  Toxygene,  a  travers  la  surface  de  ces  appendices  dermoi'des, 
est  re9u  dans  d  autres  canaux  transversaux  qui  se  dirigent  vers  le  tube  digestif  en  suivant  les 
douons  interannulaires,  et  ddbouchent  dans  le  vaisseau  situ^  de  chaque  c6te  de  la  ligne 
mediane  sur  la  face  dorsale  de  cet  organe."  In  the  references  to  the  diagram  Mibie-Edwaids 
descnbes  these  lateral  branches  which  supply  the  bronchia,  as  "  bulbes  contracUles  de  ces 
iniBchM '  lat^rales '  remplisiant  les  fonctions  de  coeon  pulmon«ii««."-*C^.  ct/. 
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testinal  commencement  of  the  oesophagus  to  the  occiput,  and,  tortuous  and 
little  attached,  reposing  on  the  upper  surface  or  oesophageal  portion  of  the 
digestive  tube.  Coinciding  with  the  whole  extent  of  the  intestine-proper  in 
this  worm,  the  anatomist  will  observe  a  double  vessel  along  the  dorsal-median 
line»  and  lodged  in  parallel  apposition  in  the  longitudinal  sulcus  of  the  upper 
surface  of  the  alimentary  tube.  These  two  trunks  belong  to  the  intestinal 
system,  receiving  branches  however  at  numerous  points  from  the  integu- 
mentary veins.  In  these  vessels  the  blood  moves  from  behind  forwards,  and 
mingles  in  the  oesophageal  circular  vessel  with  that  coming  from  the  lateral 
intestinal,  in  which  also  the  blood-stream  sets  anteriorly,  while  in  the  infe- 
rior intestinal,  as  in  the  great  sub-ganglionic  or  ventral,  the  current  sets  in 
the  direction  of  the  tail.  In  this  Annelid  the  branchiae  are  limited  to  the 
posterior  two-thirds  of  the  body,  each  branchia  consisting  of  two,  three,  four 
or  five  blood-vessels,  according  to  the  species,  projecting  in  a  comb-like 
manner  from  the  dorsal  base  of  each  foot.  The  great  heart-like  oesophageal 
dorsal  vessel  therefore^  while  anatomically  similar,  is  physiologically  very 
different  in  this  worm  and  the  Terebella.  In  the  latter  species  it  is  exclu- 
sively a  branchial  heart,  in  the  former  it  is  indirectly  systemic  and  branchial. 
It  empties  itself  into  the  anterior  extremity  of  the  main  ventral  trunk,  by  which 
the  lateral  segmental  branches  are  directly  supplied  to  the  feet,  integument 
and  branchia. 

It  was  formerly  stated  jthat  Milne-Edwards  has  described  and  figured  the 
branchial  vessels  as  ampullated  soon  after  the  origin  of  each  from  the  com- 
mon trunk,  the  ampullie  being  designed  to  fulfil  the  function  of  branchial 
hearts.  These  vessels,  therefore,  according  to  the  representations  of  Milne- 
Edwards,  are,  in  Eunice^  the  exact  analogons  of  those  remarkable  cardiac 
vessels  (pulmonary  hearts)  described  by  M.  Dugds  in  the  Leech.  The  ex- 
istence of  these  latter  vessels  has  already  been  demonstrated,  beyond  doubt^ 
to  be  altogether  imaginary,  M.  Dugds  having  mistaken  for  them  the  curved 
edges  of  the  reproductive  utriculi.  According  to  the  author's  observations, 
these  vessek  in  Eunice  present  nothing  approaching  to  the  ampullse  figured 
in  the  illustrations  of  Milne-Edwards.  The  pouched  dilatations  are  produced 
by  the  dissection  and  exposnre  to  atmospheric  stimulus,  just  as  in  the  Earth- 
worm the  moniliform  character  of  the  descending  vessel  was  shown  to  be 
caused  by  the  gtretching.  In  Eunice  the  lateral  segmental  branches  are  re- 
latively large  at  first,  but  soon  divide  into  three  lesser  branches,  of  which 
one  goes  to  the  feet,  the  other  to  the  intestine,  and  the  third  to  the  branchise, 
from  which  the  blood  returns  into  the  dorsal  vessel,  which  in  this  worm  ac- 
cordingly carries  arterial  blood.  The  suddenness  of  this  division  favours  the 
imprisonment  of  a  drop  of  blood  in  the  first  stage  of  the  vessels,  the  drop 
thus  enclosed  occasioning  a  bulged  enlargement  in  this  portion  of  the  vessel ; 
but  that  this  appearance  is  altogether  accidental,  the  author  has  repeatedly, 
and  with  various  kinds  of  proof,  shown  to  be  unquestionable.  The  blood  is 
admitted  into  and  returned  from  the  branchiae  by  alternate  movements  of 
contraction  and  dilatation ;  these  movements  are  not  simultaneous  in  all  the 
branchiae,  but  variously  and  independently  in  each  individually,  the  afflux 
into  one  being  synchronous  with  the  efflux  of  blood  from  those  contiguous. 
This  contractile  power  b  by  no  means  peculiar  to  these  vessels.  The  motion 
of  the  blood  in  the  vessels  in  every  part  of  the  body  of  the  Annelid  is  efiected, 
not  through  the  agency  of  uniformly  travelling  undulatory  contractions  of 
their  coats,  but  by  complete  contractions  and  relaxations  of  successive  por- 
tions of  the  tube ;  so  that  during  the  instant  of  contraction,  the  cylinder  of  the 
vessel  in  the  part  contracting  is  completely  emptied  of  blood,  the  sides  col- 
Iftp^  and  meeting  in  the  axis ;  and  during  the  period  of  dilatation,  the 
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tame  portian  of  the  reaael  becomes  deiuely  dbtended  with  blood;  and  thb 
b  the  true  mecbanisin  of  the  circulation  in  those  species  even  in  which  a 
central  propulsive  organ  exists,  for  example^  in  Nais  and  Aremieoku  In  no 
part  of  the  system,  therefore,  is  the  superadded  contractile  bulb  required  aa 
an  agent  of  circulation,  since  this  contractile  power  resides  in  every  part  o£ 
ivery  vessel,  in  virtue  of  the  muscularity  of  its  parietes.  The  truth  of  these 
observations,  opposed  as  they  are  to  the  statements  of  Milne-Edwarda,  may 
be  established  beyond  doubt,  and  easily,  by  a  scrutiny  of  the  cirouiating 
system  of  Arenicoia  PiMxOorumK 

A  general  survey  of  the  circulation  in  Eunice  will  suffice  to  satisfy  the 
physiologist  that  no  part  of  the  system  contains  pure  arterial  and  no  part 
pure  venous  blood.  Into  the  double  dorsal  trunk  arterial  blood  ia  poured 
from  the  branchise,  but  into  the  same  trunk  the  intestinal  branches  contri- 
bute venous  blood ;  the  mingling  of  these  two  classes  of  currents  in  the  same 
trunk  must  result  in  blood  of  an  intermediate  quality.  It  is  then  manifest 
that  the  great  subneural  trunk,  which  in  this  worm  is  both  systemic  and 
branchial,  must  distribute  blood  of  composition  intermediate  between  venooa 
and  arterial.  No  part  of  the  circulatory  apparatus  therefore  contains  pure 
arterial  blood  but  the  efferent  branches  of  the  branchisB. 

The  SabdUBy  in  the  number  and  general  disposition  of  the  primary  blood- 
vessels, do  not  very  materially  differ  from  those  Annelids  of  which  the  cireo- 
latorv  apparatus  has  been  already  described.  The  evidence  of  '*  centraliza- 
tion' is  less  complete  in  this  genus  than  in  the  genera  ^tmtos  and  Terebeiieu 
The  dorsal  vessels  preserve  a  uniform  diameter  from  origin  to  termination.  In 
Sabeiia  alveohta^  the  dorsal  vessels,  which  repose  on,  and  belong  to,  the  ali- 
mentary tube,  commence  at  the  caudal  extreme  of  the  body  as  a  small  aingle 
trunk.  Where  the  true  intestine  begins,  as  indicated  by  the  segmental  sae<»i* 
lations  of  the  canal,  this  single  vessel  divides  into  two  trunks  perceptible  on  the 
dorsum  of  the  intestine,  which  on  either  side  of  the  median  line  proceed  for^ 
wards  in  parallel  directions.  At  the  crop-like  diUtation,  which  occurs  at  the 
commencement  of  the  oesophagus,  these  two  vessels  are  united  by  a  large 
transverse  branch,  and  advancing  round  the  sides  of  the  crop-like  bulge,  be- 
come again  united  into  a  single  trunk,  which  follows  the  cesophagus  as  far  as 
the  occiput,  where  it  resolves  itself  into  numerous  minute  branches  for  the 
supply  of  the  cephalic  tentacles.  These  latter  organs  are  penetrated  by  the 
peritoneal  fluid  which  moves  to  and  fro  in  a  hollow  axis,  along  which  a 
single  delicate  bl(Kxi*vessel  reaches  the  extreme  end  of  the  tentacle  and  then 
returns  upon  itself.  The  functions  of  these  tentacular  ramusculi  have  refer- 
ence more  to  an  absorbent  than  a  respiratory  process.  In  this  worm  the 
sub-ganglionic  trunk  is  comparatively  small,  while  the  sub-intestinal  is  moie 
developed.    It  is  from  the  latter  and  not  the  former  vessel  in  Sabeiia  oleeo- 

*  Speaking  of  the  circulating  system  in  Eunice,  this  anatomist  thus  expounds  the  media- 
nism  of  the  circulation :— "  Les  vaisseaux  sangnins,  consid^r^  d'une  maniere  absolue,  sc  dis* 
tribueat  done  ii*peu-pres  de  la  meme  mant^re  ohez  les  Eunices  et  les  TMbelles,  msia,  si  on 
les  considere  dans  leur  fouctions  et  dans  leur  rapports  avec  rappareil  respintoire,  on  j  voit, 
dans  ces  deux  genres,  des  differences  trcs  grandes.  Daiis  les  Eunices,  le  cours  du  lang  n'est 
pas  d^termin^  par  les  contractions  des  branchies  ni  meme  dn  vaisseau  dorsal,  dont  I'actioii 
perd  presque  toute  son  importance ;  mais  par  les  battemens  de  bulbes  contractUes  form^  par 
la  dilatation  de  la  base  de  chscune  des  branches  transversales  du  Taissean  ventraL  Get  bolb^ 
au  nombre  de  deux  dans  chacun  des  anneaux  du  corps,  except^  les  six  on  sept  pr6mien,  oi- 
voient  le  sang  aux  branchies  en  meme  temps  qu'a  Tinteatin,  aux  musdes,  )L  la  peso,  etc.^  el 
par  consequent,  sous  le  rapport  physiologique,  ils  reprdsentent  autaut  de  coeura.  On  en 
compte  quelquefois  plusieurs  centaines ;  et  cette  multiplicity  des  organs  moteurs  du  sang,  in* 
d^pendans  les  uns  des  autres,  est  probablement  une  des  circonstances  qui  donnent  aux 
tronfOBS  da  corps  de  ces  Annelides  U  faculty  de  vivie  pendant  fort  long-temps  apnea  avdr 
M  lepsrdi  da  rests  de  rsDimsL'' 
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iota  that  tlie  lateral  braDches  desigqed  for  the  branchise  proceed,  the  effe- 
lent  veMels  of  these  organs  returning  the  arterialized  blood  into  the  dorsal 
Inteatinal  trunks.  Beti^een  the  longitudinal  trunks  a  complex  capillary  system 
of  yessels  is  interposed.  Upon  this  system  the  glandular  functions  of  the 
bQiary  cell-layer  of  the  alimentary  canal  depend.  From  the  relative  con- 
nection and  directions  of  the  primary  and  secondary  trunks,  it  may  be  seen 
that  the  blood  in  all  the  lateral  branches  connected  with  the  dorsal  vessels 
sets  towards  the  median  line,  while  that  in  the  ventral  secondaries  sets ^rom 
the  median  line.  In  this  Annelid  therefore,  as  in  every  other,  there  are  two 
concentric  eireular  currents,  while  in  man^  there  exist  also  concentric  lon- 
gitudinal movements  of  the  blood. 

On  the  British  shores  two  other  species  of  SabeUm  are  familiar,  of  which 
the  circulating  system  is  distinguished  in  several  respects  from  that  of  Sa* 
bella  aheolata.  In  S.dsang  vert  of  Milne- Edwards*  the  dorsal  vessel  is 
single,  maintaining  a  median  position  from  one  extreme  of  the  body  to  the 
other.  It  is  branchial  in  office.  Situated  at  the  cephalic  end  of  the  body, 
Che  entire  blood  of  the  branchial  tentacles  is  derived  immediately  from  this 
vessel.  Its  contributory  branches  proceed  from  the  intestine  and  integu- 
ments ;  its  contained  blood  is  necessarily  venous.  The  sub-neural  trunk 
receives  the  branchial  veins.  This  vessel  in  Sabella  chlortBma  is  large,  and 
distributee  unmixed  arterial  blood  to  the  feet»  integuments  and  intestine. 
There  exists  in  this  worm  a  considerable  amount  of  peritoneal  fluid,  which, 
in  common  with  the  blood-proper,  penetrates  into  and  follows  the  sub- 
divimons  of  the  branchial  appendages.  The  blood,  bright-green  in  colour, 
is  perfectly  destitute  of  all  morphotic  elements ;  it  is  entirely  fluid.  The 
peritoneal  fluid  is  colourless  and  corpusculated.  The  blood-cUrrent  in 
this  Annelid  observes  two  leading  directions:  in  the  dorsal  vessel  it  moves 
forwards,  in  the  ventral  backwards,  in  the  lateral  branches  upwards  and  cir- 
eolarly,  in  conformity  with  the  law  controlling  the  circulation  in  all  Annelida. 

In  the  subsequent  portion  of  this  Report  another  species  of  SaJbdla  will  be 
described,  in  which  the  branchial  tentacles  coexist  with  the  bilateral  series 
of  branchise.  In  this  graceful  Annelid  the  features  of  the  circulating  system 
of  S,  aheokOa  and  S,  ehkrigma  are  interfused.  The  species  characterized 
by  Montagu  as  SabeUa  vesundosOy  in  which  the  branchial  appendages  are 
concentrated  around  the  head,  exhibits  a  blood-system,  of  which  the  dorsal 
veflsel  is  single  and  branchial,  conforming  in  every  detail  with  that  of  S. 
M>rwma, 

The  Nereid€B  are  elaborately  organized ;  the  blood-system  is  highly  deve- 
toped ;  the  peripheral  portion  is  densely  subdivided ;  the  nervous  system  is 
unmerously  ganglionized.  Thus  is  explained  the  vigorous  muscular  power 
of  nearly  all  the  species  of  this  genus. 

In  Nereis  marffariiaeea  of  our  coasts  the  system  of  the  blood  is  double. 
There  exists  a  primary  dorsal  vessel  and  intestinal  dorsal,  much  smaller  than 
the  former.  This  latter  vessel  is  not  represented  in  the  diagrams  of  Prof.  Milne- 
Edwards,  but  it  may  be  readily  exposed  to  view.  The  superior  or  greater 
dorsal  presents  its  largest  diameter  about  the  middle  of  the  body.  It  receives 
at  every  segment  considerable  venous  branches  from  the  intestine,  and  arte- 
rial from  the  bases  of  the  feet.  Anteriorly  about  the  commencement  of  the 
oesophagus  it  sends  down  to  the  great  ventral  a  large  proportion  of  its  blood 
by  means  of  descending  lateral  branches,  like  the  moniliform  (sic)  vessels  of 
the  Earth-worm. 

*  I  have  oonstnicted  a  Greek  specific  name  for  this  elegant  Annelid^  namely,  SabeUa  ehlo~ 
*«>■««  In  accurdance  with  the  French  designation  applied  to  it  by  Milne-Edwards,  both  sig- 
rifyia^  ths  oiiteBee  of  prm  blood. 
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The  sub-ganglioDic  trunk  in  this  worm  exceeds  the  dorsal  in  calibre ;  it 
re-circulates  throughout  the  system  the  contents  of  the  dorsal  trunk;  lateral 
branches,  slightly  coiled  and  lengthened,  a  provision  against  injury  during 
the  vermiculations  of  the  body,  are  detached  at  each  ring,  to  the  feet  and 
intestine.  Those  for  the  former  penetrate  at  the  roots  of  these  appendages 
and  reach  the  cutaneous  surface,  whereon  a  complex  network  of  capillarj 
vessels  is  formed,  veiled  from  the  exterior  only  by  a  layer  of  epithelianu 
This  plexus  is  the  true  respiratory  organ  of  the  Nereid  (see  fig.  13,  a).  Thii 
plexiform  subdivision  of  the  vessels  is  not  seen  in  many  worms ;  it  is  a  forma* 
tion  almost  peculiar  to  the  Nereids,  In  the  neighbourhood  of  these  respiratory 
plexuses,  artfully  arranged,  a  system  of  vibratile  cilia  is  provided,  without 
which  the  great  function  devolving  on  these  vessels  were  incompletely  dis- 
charged. The  intestine  is  embraced  in  a  framework  of  four  longitudinal 
vessels,  between  which  a  glandular  capillary  system  intervenes,  which  pro- 
vides the  digestive  secretions. 

In  the  Nereids^  then,  no  heart-like  centre  to  the  circulation  exists.  The 
great  dorsal,  the  reservoir  of  the  centripetal  streams  of  the  body,  may  be 
likened  to  a  right  ventricle  (the  lungs  cut  off),  and  the  great  ventral  to  a 
left  ventricle.  The  duty  of  the  former  is  to  collect  the  refluent  blood  of  the 
system,  of  the  latter  to  circulate  it  again. 

A  slight  modification  in  this  system  occurs  in  Nq^htkys  Hombergii^  a  dorsi- 
branchiate  Annelid  allied  to  the  Nereids^  and  common  on  our  coasts,  A 
strong  proboscis,  enclosed  in  an  oesophagus  of  corresponding  strength,  bj 
its  constant  motions  would,  in  this  worm  and  in  this  situation,  endanger  the 
safety  of  lateral  vessels.  The  position  of  these  branches  is  accordingij 
thrown  back  as  far  as  the  commencemjent  of  the  intestinal  division  of  the 
alimentary  tube.  The  crowding  of  the  branchial  veins  upon  this  point  of 
the  vessel  imparts  to  the  Utter  an  augmented  diameter  or  a  heart-like  form. 
The  vessel  then  creeps  along  the  dorwl  surface  of  the  proboscidian  oesopha- 
gus, neither  giving  nor  receiving  branches,  as  far  as  the  occipital  segment, 
where  it  divides  into  two  branches  which  descend  on  either  side  to  the  ven- 
tral trunk,  while  a  few  small  twigs  proceed  forward  to  supply  the  tentacles. 
In  this  worm  a  distinct  branchial  organ  is  provided,  which  is  situated  at  the 
inferior  base  of  the  superior  foot.  The  branchial  veins  stretch  across  the 
peritoneal  space  and  empty  themselves  directly  into  the  great  dorsal  vesseL 
As  in  the  Nereids^  the  afferent  blood-vessels  of  the  branchiae  are  derived 
from  the  great  ventral ;  the  branches  corresponding  in  number  with  the 
segmental  divisions  of  the  body.  It  remains  to  note  a  peculiarity  of  the 
ventral  or  sub-ganglionic  system  in  Nephthysy  which  Milne-Edwards  was  the 
first  to  recognise.  The  vessel,  which  is  a  single  trunk  in  all  other  Annelids, 
is  double  in  this.  The  parallel  trunks,  however,  communicate  freely  here  and 
there  by  cross  branches.  It  appears  then  that  the  lateral  series  of  vessels  of 
one  side  destined  for  the  branchiae  are  independent  of  those  of  the  other. 
This  conformation,  so  remarkable,  has  a  meaning.  It  is  a  beautiful  provi- 
sion against  the  consequences  of  injury,  to  which  the  habits  of  this  worm 
render  it  obnoxious. 

>.,.T**®  resemblance  b  most  striking  between  the  circulating  system  of  iVaw 
fUformis  and  that  o^Arenicola  Piscatorum  (fig.  10).  From  the  dimensions  of 
this  last  worm.  It  is  easily  dissected ;  the  older  anatomists  had  discovered  the 
existence  of  a  heart-like  centre.  Hunter,  Sir  E.  Home  and  Lamarck,  have  each 
if  T^  p^     i^^?^-*y«^'»  of  this  vulgar  worm.     But  it  was  reserved  to 

et^:^^  ^"^  T*r?^  '^  ^^^'**  ^^'*> «  demonstrative  accuracy  worthy 
this  DMurahf  t    The  blood-system  is  more  centraUzed  in  this  worm  than  i 
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akiy  other  known  Annelid.  A  large  dorsal  tmnk  (a)  at  the  anterior  three- 
fourths  of  the  body,  receiving  exclusively  the  efferent  vessels  of  the  branchias, 
proceeds  forwards  from  the  tail  and  empties  itself  into  the  cardiac  cavities,  of 
which  one  is  situated  on  either  side  of  the  oesophagus  (6,  b).  Another  ves- 
sel, proceeding^^vm  the  head  towards  the  heart,  empties  itself  into  the  same 
cavity  with  the  former.  The  blood  then  enters  a  second  cavity  (c',  </)  more 
ventrally  situated,  by  which  it  is  propelled  forwards  into  the  suboesophageal 
trunk,  but  principally  backwards  into  the  great  longitudinal  trunks  of  the  ali- 
mentary canal.  The  blood,  returning  from  the  intestinal  system  of  vessels, 
reaches  the  dorsal  intestinal  (g)  (lying  in  the  median  line,  underneath  the 
great  dorsal  trunk),  from  which  the  current  diverges  laterally  at  right  angles 
into  the  branchiee  (/,/)•  This  conformation  differs  from  that  prevalent  in 
all  other  dorsibranchiate  Annelids,  in  which  the  great  ventral  trunk  is  the 
source  of  the  branchial  arteries.  But  the  typical  plan  of  the  circulation  is 
observed  in  the  system  of  Arenicola,  at  the  posterior  half  of  the  branchial 
division  of  the  body,  whereas  the  afferent  vessels  of  branchiae  emanate  from 
the  ventral  trunk.  It  may  be  necessary  to  explain  that  the  motion  of  the 
blood  in  that  part  of  the  circulating  system  which  is  anterior  to  the  heart  is 
the  reverse  of  that  in  that  posterior  to  this  centre.  The  ventral  oesophageal 
carries  the  blood  forwards  and  the  dorsal  backwards  towards  the  heart 

The  independent  contractile  (ergo  circulating)  power  of  each  individual 
vessel  may  be  very  completely  proved  by  an  examination  of  the  branchiae  of 
a  living  Arenicola  (see  fig.  12).  A  single  ramuscule  in  the  branchial  tuft 
may  contract  and  empty  itself,  while  the  surrounding  branches  are  expanding 
diastolically.  There  is  no  synchroneity  in  the  circulatory  movements  of  these 
vessels.  Both  the  afferent  and  efferent  vessels  of  the  branchiae  are  long  and 
tortuous,  but  discover  no  cardiac  an^mlke  in  any  part  of  their  course.  In 
fact  such  formations  exist  in  no  known  Annelid,  and  this  conclusion  has  now 
been  substantiated  by  anatomical  demonstration. 

Over  the  parietes  of  this  stomach  in  this  worm  a  very  dense  reticulation 
of  capillary  vessels  may  be  observed  with  the  naked  eye,  from  the  bright  yel- 
low colour  of  the  biliary  gland-layer.  In  Arenicola  the  peritoneal  chamber 
is  filled  with  a  highly  corpusculated  fluid,  the  basis  of  which  consists  of  sea- 
water,  and  the  presence  and  movements  of  which  are  indispensable  to  the 
circulation  of  the  blood-proper.  By  this  remarkable  mass  of  fluid,  the  slender^ 
tortuous  vessels  are  shielded  from  injurious  pressure. 

In  the  Borlasi^i  a  genus  of  Annelids,  of  which  the  true  organization  is  ex« 
plained  for  the  first  time  in  this  Report,  the  central  organ  of  the  circulation 
occura  as  a  bilocular  heart,  which  is  situated  on  the  dorsal  surface  of  the 
proboscis  and  near  the  occiput. 

This  organ,  in  every  species  of  Borlasia  hitherto  examined  by  the  author, 
consists  oif  two  chambers,  between  which,  by  means  of  a  large  transverse 
channel,  a  free  communication  exists;  into  one  of  these  cavities  the  blood  of 
the  dorsal  vessel  is  poured.  This  blood  is  derived  from  the  cutaneous  system 
of  capillaries,  which  in  these  worms  are  superficially  situated,  and  only  pro- 
tected from  the  surrounding  element  by  a  coating  of  vibratile  epidermis. 
This  vibratile  epidermis  is  limited  to  the  dorsal  half  of  the  body,  which  may 
be  therefore  assigned  as  the  true  area  of  the  respiratory  process.  Vibratile 
epidermis  in  all  other  Annelids  is  restricted  to  special  localities,  wherein  the 
function  of  respiration  is  performed.  In  the  Borkuia  and  Liniada  it  is  co- 
extensive with  the  whole  dorsal  region  of  the  body,  and  becomes  a  distinct- 
ive anatomical  character  of  these  unfamiliar  genera.  From  the  dorsal  cham- 
ber of  the  heart,  the  blood  through  the  connecting  channel  b  directed  into 
the  ventral  cavity,  and  dience  distribated  over  the  integumentary  and  intes- 
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tioal  fystems.  The  extreme  elongation  of  tbe  body  in  these  worm  i 
tates  the  existence  of  a  central  propukiTe  power,  notwithstanding  the  eon* 
tractile  property  with  which  every  part  of  the  circulating  system  is  endowed. 
In  these  singular  worms,  the  alimentarr  system  of  which  will  be  aftervaidi 
described,  the  blood-proper  b  red  in  colour,  and  perfectly  devoid  of  glohidei 
of  any  sort  The  peritoneal  space,  as  it  exists  in  most  other  Anndids,  is  sot 
to  be  found  in  these  genera,  since  the  alimentary  organ  superadded  to  the 
proboscis  and  oesophagus  is  adherent  to  the  general  integument. 

A  general  idea  has  now  been  given  of  the  central  agents  of  the  dreaistioB 
of  this  class  of  invertebrate  animals.  The  special  elaboration  of  the  dreash 
ferenoes  of  this  apparatus  to  meet  the  exigences  of  local  and  special  fuse- 
tions,  will  be  further  considered  in  describing  the  ultimate  structure  of  the 
several  gland-organs  of  the  body.  Over  the  intestine  the  blood-vessels  ramify 
in  accordance  with  a  special  pUm  of  subdivision.  This  observation  iqipKei 
also  to  all  the  other  constructional  elements  of  the  organism :  each  is  pronded 
with  its  peculiar  order  of  blood-vessels.  A  subordinate  system  of  blood- 
vessels, distinct  and  remarkable  in  its  anatomical  relations,  is  susceptiUe  of 
demonstration  in  all  Annelids  in  which  the  peritoneal  fluid  exists.  ThcM 
vessels  may  generally  be  distinguished  by  their  ariled  lengthy  perfect  laked- 
ness,  and  floating  in  the  fluid  of  the  cavity,  and  Mibranchiog  (see  again  %*• 
^  9*9^9)'  And,  finally,  it  must  impress  the  physiologist  widi  surprise,  tb^ 
amid  so  great  apparent  complexity  of  arrangement  In  Uie  blood-vessels  of  the 
Annelida,  it  should  be  possible  to  reduce  the  movement  of  the  blood  to  s 
single  definite  orbit  of  remarkable  simplicity.  The  anatomical  details  now 
presented  suffice  to  establish  the  general  propositions  fonneriy  taowctAt 
which  indicated  only  two  circles  of  motion,  longitudinal  in  the  primary  tmnkii 
circular  in  the  secondary. 

IfUegumeniary  SysUm. — The  integumentary  system  will  anatomicattj  in- 
clude a  consideration  of  the  whole  apparatus  of  the  appendages,  wherevtf 
these  latter  are  found  to  exist     In  the  organization  of  the  Annelida,  do  psrt 
presents  such  constancy  and  fixity  of  character  as  the  hard  elements  of  tbe 
appendages.     They  constitute  the  least  fallacious  ground  for  the  olasiifiei'' 
tion  of  species.     The  90ft  elemenU,  on  the  contrary,  are  liable  to  eodka 
variations  from  age  and  the  accidents  of  growth.    The  appendages  in  al 
cases  are  true  productions  of  the  integumentary  structures.    In  no  instaiioe 
do  they  exhibit  any  connexion  whatever  with  the  visceral  and  intestiiMl 
systems.     All  Annelida  are  comprised  in  the  twofold  division  of  BranMaia 
and  Abranchiata ;  this  however  is  neither  an  unobjectionable  nor  a  convenieDt 
distribution.   Several  species  exist,  of  which  the  soft  pedal  appendages  do  not 
contain  a  specially  organized  branchial  element:  this  remark  b  true  of  all  tbe 
SyiUdiB.    The  proposition  is  notwithstanding  not  difficult  of  anatomical 
proof,  that  the  Annelida  are  really  divisible  into  those  which  kavt  and  iota 
those  which  have  not  external  and  apparent  branchial  organs.     M.  Dumeril 
had  realized  a  clear  conception  of  the  practicableness  of  such  a  division, 
when  he  proposed  the  terms  Cryptobrafwhia  and  GymnobrancMa  as  expressive 
of  this  bipartite  arrangement    Far-siffhted  and  sagacious  as  must  have  bees 
the  views  which  suggested  this  genend  proposition,  the  word  CrypkAnaMt 
involves  an  anatomical  untruth  :  there  exists  no  species  in  which  the  bnnchi0 
are  internal  or  concealed.     Respiration  in  all  those  destitute  of  extennl 
appendages  u  performed  internally,  but  not  by  any  specially  constmctrf 
organs.     This  function,  under  such  circumstances,  devolves  either  upon  tbe 
general  walls  of  the  alimentary  canal  or  external  surface  of  the  body,  si  !■ 
the  Bariasiada,  ChrdiuekUt ;  or  it  is  enacted  by  the  fluid,  which,  in  ncartf 
all  the  Abranchiate  genera  (except  the  Leeeh  and  the  £arth«wonB)i  occapi<' 
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the  peritoneal  cavity.  One  or  two  exceptions  only  can  be  urged  against  the 
statement  that  all  Annelida  breathe  either  by  an  external  or  an  internal  me- 
chanism ;  in  the  former  case  special  organs  are  nearly  always  provided,  in  the 
latter  never.  All  the  external  branchial  appendages  are  again  subdivisible 
into  two  leading  varieties,  radically  and  essentially  dbtinguishable.  In  one, 
the  branchial  organ  is  constructed  with  special  reference  to  the  exposure  of 
the  blood-proper  to  the  agency  of  the  respiratory  element ;  in  the  other,  the 
brenchia  is  a  mere  hollow  process  filled  with  the  chyl-aqueous  fluid  of  the 
peritoneal  cavity.  Without  this  division,  which  is  now  for  the  first  time  sub- 
mitted to  the  consideration  of  the  physiologist,  no  correct  ideas  could  have 
been  formed  with  reference  to  the  nature  or  the  mechanism  of  the  process  of 
respiration  in  those  genera  of  Annelids  in  which  the  true-blood,  in  proper 
blood-vessels,  is  not  brought  directly  under  the  action  of  the  surrounding 
water.  Neither  is  it  possible,  without  the  new  light  afforded  by  this  theory, 
to  comprehend  the  manner  in  which  the  function  of  breathing  is  discharged 
in  the  Entozoa,  in  which  the  integuments  are  perfectly  devoid  of  proper 
blood-yessels. 

The  blood-proper  in  the  external  branchia  of  the  Annelida  is  distributed 
on  two  distinct  plans.  According  to  one  method,  vl  plexus  of  blood-vessels 
embraces  the  circumference  of  the  branchial  process  (fig.  a,  a^Oja);  while 
under  the  other  type,  the  axis  of  the  appendages  is  traversed  longitudinally 
hya  single  blood-vessel,  which  at  the  extreme  end  returns  upon  itself.  The 
NereidtB  present  examples  of  the  former  type,  the  genera  Spio^  CirrhaiuluSf 
Eunice^  &c.,  of  the  latter  (figs.  16,  18> 

The  body  of  the  Annelid  is  for  the  most  part  vermiform  in  figure  ;  it  is 
generally  cylindrical  in  outline,  but  frequently  flattened,  or  more  or  less  oval, 
lit  is  composed  of  a  longitudinal  succession  of  annuli  or  rings,  which  first 
suggested,  as  already  stated,  the  name  of  the  class  to  the  mind  of  Lamarck. 
In  structure  these  rings  are  neither  horny  nor  calcareous ;  they  are  always 
fleshy  and  soft.  The  true  Annelid  is  distinguished  therefore  from  the  true 
Articulated  animal  in  the  perfect  absence  of  any  approach  to  a  bard  skeleton. 
The  segmentations  are  divided  from  each  other  only  by  a  circular  band  of 
muscular  fibres ;  the  annular  segments  are  not,  as  in  the  Articulate,  perfectly 
distinct  from  each  other ;  the  longitudinal  muscles  pass  over  and  under  the 
constricting  circular  bands.  The  segmentation  therefore  is  not  real,  it  is  only 
apparent.  The  rings  form  the  bases  of  the  appendages ;  the  latter  grow  out 
of  the  former.  The  structure  of  each  is  produced  laterally  under  various 
sliapes  to  constitute  the  foot.  The  feet  are  never  situated  perfectly  dorsally 
or  perfectly  ventrally,  always  more  or  less  laterallv.  Each  appendage,  that 
is,  the  lateral  processes  of  each  segment,  is  divisible  from  above  downwards 
into  a  dorsal  and  ventral  half.  The  dorsal  group  of  appendages  is  called  the 
taperior  or  dorsal  foot,  comprehending  a  cirruSy  which  may  be  flat  or  oar* 
slii4)ed,  tapenng  or  cylindriform  ;  a  true  branchia,  which  in  shape  may  be  a 
tapering  lamelliform  naked  vascular,  or  cylindriform  and  ciliated  process; 
and  lastly  spines^  which  are  imbedded  in  the  central  substance  of  the  foot  for 
the  purposes  of  mechanical  support,  and  setae  or  bristles,  of  numerously 
nwied  forms,  for  the  purposes  of  locomotion  or  tube-making.  In  each  foot 
then  there  is  discernible, — 1st,  a  branchial  organ,  which  is  generally  developed 
on  the  dorsal  moiety ;  2nd,  a  tactile  process  or  cirri,  which  are  for  the  most 
part  of  largest  size  in  the  superior  foot ;  and  3rd,  the  setss  and  spines,  which 
are  constant  in  shape,  although  differing  at  the  anterior,  middle,  and  posterior 
thirds  of  the  body.  The  annular  segments  are  most  distinctly  marked  in  the 
middle  third  of  the  body,  least  so  at  the  tail.    In  many  genera  the  cirri  are 
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extremely  exaggerated  at  the  head ;  this  fact  is  exemplified  in  the  SyUUUB. 
The  tentacular  cirri  of  the  Nereid<B  are  instances  of  the  same  development. 
Both  the  fleshy  and  branchial  appendages  in  the  dorsibranchiate  Annelids 
are  more  or  less  suppressed  in  the  ventral  feet. 

The  further  study  of  these  complex  and  compound  organs,  the  appendages, 
will  be  more  advantageously  prosecuted  under  the  threefold  division  of, — Ist, 
the  branchial ;  2ndly,  the  tactile  and  locomotive ;  and  Srd,  the  setae. 

BranckkU  Processes, — In  nearly  all  the  species  of  the  genus  Serpula^  the 
true  branchiae  are  grouped  around  the  cephalic  extremity,  in  two  divisions, 
one  on  either  side  of  the  mouth ;  the  feet  in  these  tubicolous  worms  are  com- 
posed  exclusively  of  the  setae.  The  branchial  processes  are  remarkably  com-* 
plex  in  their  minute  structure  (Plate  IV.  fig.  11,  A).  Projecting  in  a  comb- 
like form  from  the  head,  and  tinted  variously  and  beautifully  in  different 
species,  they  are  admirably  adapted  for  the  exposure  of  the  blood  to  the  influ* 
ence  of  the  surrounding  medium.  Each  process  is  supported  by  a  camerated 
frame  or  basb  (fig.  1 1,  A,  a),  large  and  distinct  in  the  back  of  the  comb,  from 
which  are  sent  off,  on  one  side  only,  a  double  row  of  secondary  processes, 
corresponding  to  the  teeth  of  the  comb.  This  supporting  framework  is  com- 
posed of  an  extremely  delicate  and  flexible  cartilage,  the  chambers  of  which 
are  filled  by  a  limpid  fluid,  which  is  in  communication  with  that  of  the  peri- 
toneal cavity ;  an  afferent  and  efferent  blood-vessel,  in  parallelism,  accompany 
this  frame-structure.  In  the  secondary  processes  (fig.  11,  A")  the  two  ves- 
sels (b,  V)  are  brought  towards  the  inferior  aspect,  to  which  the  vibratile  cilia 
are  in  some  species  limited. 

The  cilia  are  large  and  vigorous,  and  cause  the  current,  resulting  from 
their  vibration,  to  set  strongly  in  the  direction  of  the  mouth.  The  branchiae 
therefore  in  the  genus  Serpula  are  rendered  at  once,  by  virtue  of  their  pecu- 
liar structure  and  situation,  subservient  to  the  two  grand  ofiices  of  respira- 
tion and  prehension.  By  these  sedentary  Annelids,  and  that  necessarily  from 
the  nature  of,  and  the  mode  in  which  they  obtain  their  food,  a  large  quantity 
of  water  is  swallowed ;  this  circumstance  suggests  an  explanation  of  the  fact 
that  in  the  SerpuUe  and  SabelUs  the  interior  of  intestine  throughout  the 
rectal  or  posterior  third  of  its  extent,  is  lined  by  active  vibratile  epithelium. 
By  the  ceaseless  agency  of  these  cilia,  a  projecting  force  is  imparted  to  the 
fluid  emerging  at  the  inferior  orifice,  which  reacting  against  the  bottom  of 
the  tube,  assumes  the  direction  of  an  upward  tending  current,  and  maintains 
the  tube  in  the  best  sanitary  condition,  and  the  animal  always,  within  and 
without,  in  contact  with  a  constantly  renewed  stream  of  fresh  water.  When 
the  animal  is  about  to  retire  into  its  cell,  the  branchiae  are  furled  into  a 
compact  ball,  which  is  drawn  under  cover  of  the  strong  membranous  hood 
situated  at  the  base  of  the  branchial  tuft,  and  the  whole  compressed  and  pro- 
tected by  the  retracted  operculum.  More  minutely  watched,  the  process  of 
furling  the  branchiae  discovers  other  refinements  of  mechanism.  Each 
separate  secondary  process  is  first  rolled  upon  itself  into  a  minute  concentric 
coil ;  this  movement  begins  at  the  extreme  end  of  each  process,  and  rapidly 
creeps  towards  the  base,  at  which  moment  the  axis  or  vertical  shaft  rolls 
concentrically  upon  itself,  and  every  trace  of  the  gill  disappears,  so  exqui- 
sitely perfect  is  the  packing.  By  this  movement  of  folding,  both  the  blood- 
movement  and  the  vibration  are  arrested.  The  process  of  unfuriiiiff  is  the 
reverse  of  that  described  (fig.  1 1 ,  A). 

The  preceding  description  applies  almost  in  every  minute  particular  to  the 
ultimate  structure  of  the  branchial  appendages  of  the  SabeikB,  in  which 
genus  these  organs  affect  a  corresponding  cephalic  situation,— in  ScMla  i 
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9ang  verty  S.  vesicuheOf  S.  Unispira,  and  in  Sabina  Pcppaa*.  Like 
those  of  the  Serpuke,  the  branchise  in  the  SabeUcs  and  SabituB  subserve  the 
doable  ofBce  of  determining  an  alimentary  current  towards  the  mouth,  and 
of  aerating  the  blood.  In  these  genera^  the  true-bloody  in  its  proper  vessels^  is 
the  gubject  of  the  respiratory  change,  and  not  the  peritonealjiuid ;  the  branchieB 
are  organized  with  this  express  intention.  This  is  a  point  of  extreme  interest, 
to  which  attention  will  be  drawn  under  each  successive  species,  as  the  de- 
scription proceeds. 

The  genus  Amphitrite  is  distinguished  from  the  former  by  the  distribution 
of  the  branchiffi  over  the  dorsal  aspect  of  the  body.  To  this  rule  however 
exceptions  occur  in  some  species,  as  in  A.  aurieoma,  in  which  the  branchiae 
constitute  comb-like  appendages  on  either  side  of  the  third  and  fourth 
cephalic  rings  of  the  body.  In  A.  aheolaia,  which  expresses  the  typical 
stmcture,  the  branchial  processes  are  situated  on  the  dorsal  surface  of  the 
body,  except  the  caudal  portion,  on  which  they  do  not  exist.  They  may  be 
described  as  tapering,  prominent,  blood-red  appendages  (fig.  12,  a,  a'),  carry- 
ing in  their  interior,  axially,  a  single  longitudinal  blood-vessel,  which  at  the 
distal  extremity  returns  upon  itself  (fig.  12,  6,  V).  By  Quatrefagesf  this 
vessel  is  figured  and  described  as  giving  off  lateral  transverse  branches,  which 
envelope  the  circumference  of  the  appendage :  such  an  arrangement  does 
not  exist ;  an  appearance  leading  to  such  an  error  may  be  readily  produced 
by  pressure.  The  axis  of  each  process  is  hollow,  and  perforated  by  the  fluid 
of  the  visceral  cavity ;  it  is  along  this  hollow  axis  that  the  blood-vessel  pro- 
eeeds  from  the  attached  to  the  free  end  of  the  process  (fig.  12,  b,  6').  So 
great  is  the  disproportion  between  the  quantity  of  blood  carried  by  these  ves- 
sels and  the  volume  of  the  peritoneal  fluid  which  penetrates  the  process,  that 
in  this  genus  also  the  respiratory  function  may  be  afllirmed  to  be  limited  almost 
exclusively  to  the  true-blood.  A  spirally  arranged  line  of  large  vibratile  cilia, 
coiling  from  the  base  to  the  apex  of  each  appendage,  provides  for  the  con- 
stant renewal  of  the  aerating  medium  (fig.  12,  a).  In  Amphitrite^  the  tenta- 
cles, grouped  into  tufts  on  either  side  of  the  mouth,  are  organized  on  a  plan 
not  dissimilar  from  that  of  the  branchice-prbper.  They  consist  of  fleshy  fila- 
ments, irritable  and  flexible  in  the  highest  degree,  hollow  on  the  axis,  carrying 
B  single  minute  longitudinal  blood-vessel  returning  upon  itself,  and  penetrated 
by  the  fluid  of  the  visceral  cavity.  They  differ  from  the  branchiae  in  the  im- 
portant fact  of  the  absence  of  cilia.  In  A.  auricoma  the  branchial  combs 
are  attached  by  a  single  root,  expand  and  divide  in  a  pectinated  manner,  each 
tooth  carrying  only  a  single  longitudinal  vessel. 

This  species  indicates  a  transition  from  the  typical  Amphitrite  to  the 
TerebeUiB. 

In  the  genus  TerebeUa  the  branchial  organs  appear  under  the  form  of 
blood-red  tufls,  proceeding  from  three  separate  root-vessels  on  either  side 
of  the  occiput.  The  vessels  divide  for  the  most  part  dichotomously,  forming 
an  arborescent  bunch  of  naked  florid  blood-vessels ;  each  ramusculus  is 
enclosed  in  a  delicate  cuticular  envelope,  perfectly  destitu^  of  cilia :  each 
ramusculus  is  also  double^  that  is,  it  is  composed  of  an  afferent  and  efferent 
vessel.  Although  extremely  transparent  and  attenuated,  the  cuticular  struc- 
ture, embracing  these  branchial  blood-vessels,  must  include  some  contractile 
fibres,  since  each  separate  ramusculus  may  be  emptied,  rendered  bloodless, 
shrivelled,  by  the  compression  of  the  parietes.    This  provision  for  reinforcing 

*  I  have  oonstitated  the  genus  Sdbma  to  receive  a  new  tubicolous  Annelid,  to  be  described 
in  the  sequel,  which  I  have  placed  between  the  genera  Serpukt  and  Sabella,  as  having  an 
intermediate  organization.    See  description  of  species,  part  second. 

t  Organisation  des  Hermelles,  Ann.  des  Sciences,  3n«  B^e,  1848. 
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the  circulating  powers  exists  in  various  parts  of  the  circulating  system  of  the 
Annelida.  It  may  be  affirmed  generally,  that  in  all  true  TerebeUa  the 
branchiae  occur  under  the  character  of  naked  unciiiaied  blood-vesaels 
restricted  to  the  occipital  rings  of  the  body. 

In  TerebeUa  nebulosa  they  form  thick  rich  tufte;  in  T.eanckileffa  they 
are  less  prominent ;  in  the  small  species  they  are  scarcely  visible,  but  in  aU 
the  structure  is  identical. 

The  cephalic  tentacles  in  the  Terebelke  constitute,  unquestionably,  auxiliary 
organs  of  respiration,  not  for  the  aeration  of  the  blood-proper,  but  for  that 
of  the  peritoneal  fluid,  by  which  they  are  freely  and  copiously  penetrated. 
They  present  a  problem  interesting  alike  to  the  physiologist  and  the  mecha* 
nician.    From  their  extreme  length  and  vast  number,  they  expose  an  exten- 
sive aggregate  surface  to  the  agency  of  the  surrounding  medium.    They 
consist,  in  T>  nebulotCy  of  hoUowflaUened  tubular  filaments,  furnished  with 
strong  muscular  parietes.      The  band  may  be  rolled  UmgitudinaUy  into  a 
cylindrical  form,  so  as  to  enclose  a  hollow  cylindrical  space,  if  the  two  edges 
of  the  band  meet,  or  a  semi-cylindrical  space  if  they  only  imperfectly  meet 
This  inimitable  mechanism  enables  each  filament  to  take  up  and  firmly  grasp, 
at  amy  paint  <^its  lengthy  a  molecule  of  sand ;  or  if  placed  in  a  linear  series, 
a  raw  of  molecules.     But  so  perfect  is  the  disposition  of  the  muscular  fibres 
at  the  extreme  free  end  of  each  filament,  that  it  is  gifted  with  the  twofold 
power  of  acting  on  the  nicking  and  on  the  muscular  principle.     When  the 
tentacle  is  about  to  seize  an  object,  the  extremity  is  drawn  in^  in  consequence 
of  the  sudden  reflux  of  fluid  in  the  hollow  interior ;  by  this  movement  a 
cup-shaped  cavity  is  formed,  in  which  the  object  is  securely  held  by  atim^ 
spheric  pressure ;  this  power  is  however  immediately  aided  by  the  contraction 
of  the  circular  muscular  fibres.     Such  then  are  the  marvellous  instmnoents 
by  which  these  peaceful  worms  construct  their  habitation,  and  probably 
sweep  their  vicinity  for  food.     The  inferior  aspect  of  each  of  these  tentacles 
is  profusely  clothed  with  cilia,  and  this  side  is  thinner  than  the  dorsal.    The 
peritoneal  fluid,  which  is  so  richly  corpusculated,  and  which  freely  enters  the 
hollow  axes  of  all  these  tentacles,  is  thus  brought  into  artful  contact  with 
the  surrounding  water.   To  deny  to  such  a  mechanism  the  express  design  of 
aerating  the  organic  fluid  by  which  they  are  distended,  were  indeed  to  argue 
against  the  strongest  probability.     The  minute  blood-vessel  which  mus  in 
the  hollow  axial  space  along  the  whole  extent  of  the  filament  is  so  dispro- 
portionately small  in  comparison  with  the  volume  of  the  peritoneal  fluid  by 
which  this  space  is  filled,  that  the  former  cannot  reasonably  be  supposed  to 
share  in  the  respiratory  function  of  these  organs.    In  addition  to  the  two 
important  uses  already  assigned  to  the  tentacles  in  the  TerebelUSf  they  coO- 
stiiute  also  the  real  agents  of  locomotion.    They  are  first  outstretched  by 
the  forcible  injectipn  into  them  of  the  peritoneal  fluid,  a  process  which  is  ac- 
complished by  the  undulatory  contraction  of  the  body  from  behind  forwards; 
they  are  then  fixed,  like  so  many  microscopic  cables,  to  a  distant  surface, 
and  shortening  in  their  lengths,  they  haul  forwards  a  step  or  two  the  helpteas 
carcass  of  the  worm. 

In  7".  conchilega,  the  cephalic  tentacles  are  inferior  to  those  of  the  former 
species  in  number  and  sixe ;  they  are  also  difierently  configurated.  They 
approach  the  prismatic  in  outiine  ;  in  transverse  section  they  present  a  trira- 
diate  shape.  In  minute  structure,  mechanism  of  action  and  uses,  they 
coincide  in  the  most  exact  manner  with  the  tentacles  of  T.nebulosa.  It  is 
not  a  littie  curious  that  in  the  Terebella,  these  organs,  which  are  homologous 
with  true  cirri,  should  be  so  richly  provided  with  vibratiie  cilia,  while  the 
true-blood  brauchice  are  entirely  destitute  of  these,  motive  organisms.  Nothing 
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but  the  view  propounded  in  this  memoir,  with  reference  to  the  share  taken 
bj  the  peritoneal  fluid  in  the  function  of  respiration,  will  enable  the  phy- 
siologist to  reconcile  this  apparent  incongruity. 

The  dorsibrnnchiate  order  comprehends  a  considerable  proportion  of  the 
class  Annelida.  Of  them,  Curier  remarks,  <<Ont  leur  organs  et  surtout  leur 
branchies  distribu6s  i*peu-prds  ^galement  le  long  de  tout  leur  corps,  ou  au 
moins  de  sa  partie  raoyenne."  In  the  Cuvierian  arrangement,  at  the  head 
of  this  order  stands  the  genus  Arenieola.  Respiration  is  performed  in 
Arenieola  PUcatorum  by  means  of  naked  blood-vessels,  projecting  at  the 
root  of  the  setiferous  process  upwards  and  outwards  one-fourth  of  an  inch 
in  the  adult  worm  from  the  surface  of  the  body  (fig.  IS).  They  are  limited 
in  number  and  distribution  to  the  fourteen  or  sixteen  middle  annuli  of  the 
body.  They  are  commonly  described  as  forming  an  arborescent  tuft ;  the 
division  of  the  vessels  is  however  regulated  by  a  fixed  principle.  When  fully 
injected  with  blood,  the  vessels  of  each  branchia  form  a  single  plane  (fig.  IS), 
rising  obliquely  above  and  across  the  body,  and  immediately  behind  each 
brush  of  setse.  In  the  adult  animal  each  gill  is  composed  of  from  twelve  to 
sixteen  primary  branches  (fig.  12,  a,  a),  proceeding  from  a  single  trunk,  which 
arises  from  the  great  dorsal  vessel ;  the  vesseb  in  the  branchial  tuft  describe 
zigzag  outlines ;  the  secondary  branches  project  from  the  salient  point,  or  the 
outside  of  each  angle  of  the  zigzags ;  and  the  tertiary  from  similar  points  on 
the  secondary  branches.  This  mode  of  division,  occurring  in  one  plane,  and 
in  all  the  smaller  branches,  results  in  a  plexus  of  vessels  of  extreme  beauty  of 
pattern  or  design .  Each  branchial  tuft,  and  each  Individ  ual  vessel  possess  an  in* 
dependent  power  of  contraction ;  in  the  contracted  state  the  tuftalmost'entirely 
disappears,  so  completely  effected  is  the  emptying  of  the  vessels.  The  con- 
traction, or  sysioky  in  any  given  tuft  occurs  at  frequent  but  irregular  inter* 
vais ;  this  movement  does  not  take  place  simultaneously  in  all  the  branchissy 
but  at  different  periods  in  different  tufts.  As  there  is  no  heart-like  dilata« 
tion  in  the  afferent  vessels  of  the  branchie  (fig.  10,//),  the  contractile 
power  with  which  the  exposed  branches  are  endowed,  becomes  an  important 
means  of  reinforcing  the  branchial  circulation.  The  vessels  appear  quite 
naked,  and  if  examined  in  the  living  state,  each  ramuscule  seems  to  consbt 
only  of  a  single  trunklet ;  if  this  were  really  the  case,  it  would  of  course  re- 
solve itself  into  a  tube  ending  in  a  cul-de-sac,  and  the  blood  movement  would 
be  a  flux  and  reflux  ;  but  bv  injection  it  is  easy  to  ^how  that  the  finest  divi^ 
sion  of  the  branchial  arbuscle  contains  a  double  vessel  (fig.  IS,  B),  enveloped 
in  a  common  muscular,  although  extremely  diaphanous  sheath.  That  these 
vascular  sheaths,  which  are  only  fine  productions  of  the  integuments,  are 
fumbhed  with  voluntary  muscular  fibres,  is  proved  by  the  rapid  and  simultane^ 
ous  retraetion  of  all  the  branchie  into  the  interior  of  the  body,  which  follows 
when  the  animal  is  touched.  This  sheathing  of  the  blood-vessels  with  true 
muscular  coats  is  a  frequent  character  of  the  circulating  system  of  the  Anne* 
Hda;  it  u  a  power  which  compensates  the  absence  of  a  heart  It  b  extrenaely 
interesting  to  watch  in  the  young  Aremoola,  the  manner  in  which  one  little 
blood-vessel  after  another,  in  the  progress  of  growth,  shoots  slowly  from  its 
stock-branch.  In  Arenictdaf  as  in  oZ/  Annelida  in  which  the  vessels  of  these 
organs  are  naked,  the  branohise  are  destitute  of  vibratile  cilia.  It  will  be 
found  that  under  such  circumstances,  viz.  when  the  branchial  vessels  occur  as 
naked  projections  from  the  external  surface,  the  description  now  given  of 
these  organs  in  Arenieola  will  apply  in  every  minute  respect  of  structure  to 
aU  other  Annelida.  It  will  prove  exact  in  relation  to  the  etrudure  of  the 
branchise  in  the  several  species  of  the  beautiful  genus  Etqfhroeyne  of  Savigny. 
In  E.foUata  (M.  £•)  the  bnnehial  veaseb  foim  larger  and  richer  tufts,  having 
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a  similar  situation  in  relation  to  tlie  setiferous  feet  These  organs  assume 
the  same  character  in  E.  laureata  (S.).  The  elegant  worm  described  by  Au- 
douin  and  M.-£dwards*  is  furnished  with  branchial  organs  in  form  of  ar- 
buscles  of  naked  vessels,  after  the  pattern  of  those  of  the  dorsibranchiate 
Annelids  now  described.  Under  the  genus  Amphinomey  occurs  Plerone  tetrai' 
dra  (of  Savigny),  in  which  the  breathing  organs  assume  the  form  of  larger 
florid  bunches  of  naked  blood-vessels,  situated  on  the  dorsal  aspect  of  the 
body,  each  tuft  being  protected  in  front  by  a  bundle  of  strong  bristles.  These 
organs  assume  a  still  more  beautiful  form  in  Chloeia  captUatay  in  which  the 
division  of  the  vessels  occurs  on  the  bipinnate  principle. 

The  genus  Eunice  presents  another  and  difierent  type  of  branchial  vessels. 
Arranged  in  a  prominent  row  of  bright  vessels,  standing  erect  as  minute 
combs  at  the  dorsal  base  of  each  foot  in  the  body,  the  branchiae  impart  to  all 
the  species  of  this  genus  a  graceful  and  characteristic  appearance.  In  every 
species  the  branchial  vessels  divide  on  a  uniform  plan  peculiar  to  this  genus. 
The  primary  trunk  rises  vertically  along  the  inner  side  of  the  branchia,  and 
sends  off  from  its  outer  side,  at  intervals,  straight  vessels,  which  gradually 
decrease  in  size  from  below  upwards  :  each  branch  forms  a  straight  undi- 
viding  vessel,  curving  gently  upwards  and  towards  the  median  line :  these 
branches  become  in  their  number  characteristic  and  distinctive  of  species. 
In  some  of  the  smaller  species  inhabiting  the  British  coasts,  the  brancluae  are 
composed  only  of  a  single  vessel ;  this  is  the  case  also  with  the  young  of  the 
larger  species ;  in  others  they  vary  from  the  single  vessel  to  the  number  of  six 
and  eight.  In  Eunice  giganteOy  according  to  the  figures  of  Milne- Edwards, 
the  vessels  of  each  branchia  amount  to  thirty-six  in  number.  These  vessels, 
although  perfectly  naked  and  unciliated,  like  those  of  Arenicolay  are  both 
less  contractile  and  retractile  ;  they  extend  in  this  genus  from  the  head  to 
the  tail,  and  equal  in  number  the  annular  segments  of  the  body.  Inthedor*' 
sibranchiate  genera,  the  branchial  organs  of  which  have  now  been  described, 
the  true-blood  circulating  in  its  proper  vessels,  has  been  proved  to  be  exdu" 
sivelg  the  seat  and  subfect  of  the  respiratory  process.  The  fluid  of  the  peri- 
toneal cavity,  abundant  in  quantity,  and  highly  organized  though  it  be  in  the 
genera  just  reviewed,  does  not  in  the  least  degree  participate  in  this  great 
function.  Judged  by  such  a  test,  the  genera  of  this  grand  order  of  worms 
should  be  marshalled  under  two  primary  groups,  of  which  one  (embracing 
the  preceding  species)  would  comprehend  those  in  which  the  function  of 
breathing  devolves  exclusively  on  the  true-Woody  while  the  other  would  be 
characterized  by  the  fact  that  the  branchiae  are  organized  such  as  to  permit 
more  or  less  completely  the  exposure,  in  conjunction  with  the  blood-proper, 
of  the  chyl-aqueous  fluid  of  the  visceral  cavity,  to  the  influence  of  the  sur- 
rounding aerating  element.  It  will  be  seen  in  the  succeeding  description, 
that  when  the  branchial  apparatus  is  penetrated  thus  by  two  separate  and 
distinct  fluids,  coordinate  probably  in  organic  properties,  the  vascular  system 
of  the  body  generally  will  be  found  by  so  much  the  less  developed  by  how 
much  the  peritoneal  fluid  supplants  the  blood  in  the  branchiae.  Thestnictore 
of  the  branchial  organs  becomes  thus  a  significant  test  of  the  position  of  any 
given  species  in  the  Annelidan  scale, — those  being  entitled  to  the  highest 
rank  of  which  the  respiratory  orguis  are  exclusively  designed  for  the  expo- 
sure of  the  blood-proper  to  the  action  of  the  oxygenating  medium,  those  to 
the  lowest  in  which  the  peritoneal  fluid  alone  circulates  in  the  branchiae. 
The  subgenera  Lycidiccy  Aglauroy  and  (Enoncy  of  the  genus  Eunicey  are 
distinguished  in  the  circumstances  now  defined,  from  all  the  former  genera 
of  the  dorsibranchiate  order.  Naked,  unciliated  blood-vessek  no  longer  in 
*  See  Caller,  R^e  Animsl,  JfmOkki,  pL  8. 
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tliem  form  exclusively  the  branchial  organs :  loose  and  large*celled  tissue  is 
superadded  to  the  proper  blood-vesseb,  which  are  far  less  in  relative  size 
than  those  in  the  former  variety  of  branchiae ;  into  the  cells  of  this  tissue  the 
fluid  of  the  visceral  cavity  insinuates  itself,  its  course  being  marked  by  a  slow 
motion.  There  exists  however  another  point  of  structural  difference  between 
the  branchial  organs  of  this  group  and  those  of  the  former ;  this  difference 
admits  of  the  following  general  expression, — that  wherever  the  fluid  of  the 
peritoneal  cavity  is  admitted  into  the  interior  of  the  branchial  organs,  the 
latter  are  invariably  supplied  more  or  less  profusely  with  vibratile  cilia. 

In  the  genus  Lycidice  the  branchia  consists  of  a  flat,  lanceolate  process, 
more  or  less  developed,  surrounded  marginally  by  a  blood-vessel,  the  mid- 
space  between  the  lines  of  the  advancing  and  returning  vessels  being  com- 
posed of  large-celled  tissue,  lacnnosc,  into  which  the  peritoneal  fluid  pene- 
trates by  a  flux  and  reflux  movement.  The  branchiae  in  Z.  NineUa  are  situ- 
ated doTsally,  and  are  supplied  at  their  bases  with  single  rows  of  vibratile 
cilia.  Those  of  Aglaura  jvlgida  are  similarly  constructed,  although  they 
differ  slightly  from  those  of  the  former  genus  in  size  and  figure.  In  (Enone 
macuiata  they  occur  under  a  more  developed  form,  constituting  flattened, 
pointed  trowel-shaped  processes,  the  plane  of  which  is  vertical  with  reference 
to  that  of  the  body.  A  blood-vessel,  as  in  the  former  cases,  trends  along  the 
borders,  immediately  beneath  the  cuticle.  The  course  of  these  vessels  ia 
followed  by  a  row  of  large  and  prominent  vibratile  cilia. 

In  the  branchial  system  of  the  genus  Nereis  (Cuv.),  Lycoris  (Savigny), 
the  minute  anatomist  encounters  a  structure  strikingly  different  from  any- 
thing hitherto  described.  Whether  round  or  laminated,  the  true  branchiae 
in  this  genus  are  always  penetrated  by  the  fluid  of  the  visceral  cavity,  and 
the  blood-vessels  assume  a  peculiar  disposition.  When  the  branchial  pro- 
cess is  conical  in  shape,  its  base  is  embraced  by  a  reticukUed  plexus  of  true 
blood-vessels  (fig.  l4,  a,  a,  a,  a),  which  is  situated  quite  superficially  and 
immediately  beneath  the  epidermis.  These  vessels  are  most  prominently 
developed  on  the  dorsal-most  process,  which  therefore  may  be  called  the 
branchial,  but  they  extend  more  or  less  over  all  the  Cirri.  A  better  charac- 
teristic of  the  branchiae,  both  the  conical  and  the  foliaceous,  in  the  Nereids^ 
is  that  of  their  being  penetrated  by  the  peritoneal  fluid.  In  those  species  in 
which  the  branchial  process  is  round,  the  interior  of  the  base  is  hollow,  and 
filled  with  the  fluid  of  the  visceral  chamber.  Floating  in  this  fluid  may  be 
seen,  when  viewed  transparently,  coils  of  naked  blood-vessels;  in  those  in  which 
they  are  laminated  or  foliaceous,  as  in  Nereis  renaliSy  the  step  of  the  exterior 
sarface  does  not  extend  beyond  the  limits  of  the  base,  the  flat  portion,  how- 
ever, tunnelled  by  straight  spacious  canals  (fig.  14,  6,  b\  which  radiate  with 
great  regularity  from  the  base  to  the  expanded  circumference  of  the  process* 
In  these  canals  the  corpuscles  of  the  peritoneal  fluid  may  be  seen  rolling  to 
and  fro,  advancing  and  returning  in  the  same  channel.  These  movements 
are  regulated  by  those  of  the  great  current  in  the  chamber  of  the  perito- 
neum* This  type  of  structure  prevails  in  Nereis  renaUs^  N.  longissima^ 
and  in  a  slightly  modifled  form,  in  consequence  of  the  less  flattened  shape  of 
the  branchiae,  in  N  viridis.  The  round  variety  of  branchial  processes 
obtains  in  N  margairitacea^  N.  Dumerilliiy  N.  fucatOy  N  pelaguxh  and 
■N.  hremnumus.  It  is  a  fact  difficult  to  explain  that  the  branchial  organs 
in  the  Nereids  should  be  destitute  in  every  species  of  vibratile  cilia. 

The  laminated  or  foliaceous  type  attains  the  point  of  its  maximum  deve- 
lopment in  the  branchial  appendages  of  the  genus  Phyllodoee  (fig.  15). 
It  was  difficult  to  assign  any  other  than  a  respiratory  use  to  th^rich,  leaf- 
like projections  in  these  beautiful  worms.     In  the  absence  of  all  ideas 
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tending  to  a  knowledge  of  the  nature  and  eapabtlitiei  of  the  ftoid  eon* 
tents  of  the  Tbcend  chamb^,  the  real  meaning  of  the  radiating  ehanndi 
(fig.  15,  Of  a,  a)  by  which  the  respiratory  laminss  areperforated^  and  therefore 
of  the  mechanism  of  the  funetion  of  which  they  are  the  Boaie»  never  codd 
have  been  rightly  apprehended.    It  was  only  by  mistaking  the  peritDneal  ftoid 
for  blood  that  the  branchial  olfice  of  these  appendages  oould  have  been  pie- 
dicated»  and  this  very  mistake  has  been  committed  by  M.  Qnatrefages.  Tlw 
brantshiae  in  PkyUodooe  vtridis  are  prominent  donal  appendages :  ia  tbis 
worm  the  blood-system  can  be  traced  only  by  a  few  scanty  ▼esaels  distriboted 
oyer  the  roots  of  these  processes ;  nor  are  the  canab  very  spadous  and  di- 
stinct ;  they  are  more  like  lacunn  in  a  spongy  tissae.     In  P.  MtMoto  nd 
P.  lamM^erOy  the  radiating  passages,  dbtinct  from  each  other,  and  commiuQ- 
cating  only  Indirectly  through  cells,  are  extremely  obvioufl  under  the  hmto- 
scope  (fig.  15,  a,  a,  a).    They  carry  the  fluid  of  the  peritoneal  cavity,  the 
corpuscles  of  which  may  be  seen  flowing  and  ebbing  in  the  same  ehsimeL 
Nothing  can,  however,  more  conclusively  prove  the  true  branchial  character 
of  these  laminie  than  the  presence  of  cilia,  the  vibrations  of  which  can  be 
observed  only  at  the  edges  of  the  respiratory  laminee.    These  are  best  mcb 
in  P.  iameiHgera.    This  is  a  striking  point  of  distinction  between  the  i%^ 
hdoee  and  the  Nereids^  in  which  vibratile  cilia  on  the  branchiae  bare  oo 
existence.    The  peritoneal  fluid  then  may  now  be  affirmed  as  that,  in  the 
ceconomy  of  the  PhyUodoee^  which  is  the  subject  exclusively  of  the  f*"F*" 
tory  function,  the  true  blood  receiving  its  supply  of  oxygen  from  this  fluid, 
afterwards  to  convey  it  to  the  solid  structures  of  the  body* 

In  the  genus  Glyoera  the  blood*proper  is  entirely  excluded  from  tbe  oiiguB 
of  respiration.  This  office  devolves  exclusively  on  the  chyl-aqucooa  fli^ 
which  in  nearly  all  the  species  of  this  genus  is  profusely  supplied  with  m 
corpuscles.  The  gills  consist  of  hollow  cylindrical  appendages  (fig*  16»  <)i 
emanaUng  from  the  base  of  each  dorsal  foot  at  its  superior  aspect,  filled  m 
the  interior  with  the  fluid  of  the  visceral  cavity  ;  but,  what  is  remarkable  n 
the  structure  of  these  organs  and  quite  peculiar  to  this  genus,  is  that  w 
inieriar  parietes  of  the  cylindrical  hollow  of  the  branchiae  is  lined  vith 
vibratile  eiUa ;  these  motive  organules  cause  the  corpuscles  of  the  flaid  bf 
which  the  branchiee  are  penetrated,  to  move  with  great  rapidity  in  a  defisite 
direction,  viz.  peripherally  on  one  side  and  centrdly  along  the  other,  each 
corpuscle  whirling  on  its  own  own  axis  as  it  proceeds.  Ciliary  vibratka 
cannot  be  detected  on  the  outside  of  the  branchial  appendage. 

It  is  a  feature  of  structure  more  strikingly  illustrated  in  Gfyeera  than  m 
any  other  Annelid,  that  whenever  the  peritoneal  fluid  is  the  subject  of  the  »- 
sptratory  function,  it  is  brought  into  the  branchial  organ  in  much  greater  re- 
lative proportion  than  the  blood-proper  when  it  is  the  subject  of  this  proee»; 
and  the  brenchisB  are  always  constructed  in  adaptation  to  this  differesee. 

In  the  SyUida  the  branchial  organs  (fig.  17)  are  penetrated  only  by  ow 
peritoneal  fluid,  but  it  can  be  detected  in  motion  only  in  the  bases  of  the  f^ 
and  these  parts  only  are  furnished  with  vibratile  cilia,  which  are  larg®  ^ 
active.  The  long  filiform  and,  in  some  species,  moniliform  appendages  which 
are  described  commonly  as  the  branchisB  of  these  worms,  have  no  tx^^ 
hollow  (fig.  17,  a)  ;  they  are  filled  with  large-celled  tissues  through  wbidi 
the  fluid  parts  of  the  contents  of  the  visceral  cavity  slowly  penetrate.  Bttt_f 
the  spacious  chambers  occupying  the  bases  of  the  feet  (fig.  17,  *)»  *  ^^ 
pool  of  the  peritoneal  fluid  may  be  readily  observed.  The  structure  no*  de« 
scribed  is  very  perfectly  typified  in  S,proUfera\  the  moniliform  ▼»ricty|* 
best  seen  ip  S*  armillaris  and  S.  maculosa.  A  similar  confirmation  pi^**|'* 
in  the  genera  loida  and  Psamaibe  of  Dr.  Johnston.    In  the  Syllidan  ^^ 
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which  exoek  all  othen  in  grace  and  beauty,  the  proper  blood-system  is  almost 
indetectable,  io  consequence  of  the  colourlessness  of  the  contents.  It  may  be 
stated  with  confidence  that  blood-vessels  do  not  enter  into  the  structure  of 
the  branchial  processes.  The  respiration  therefore  devolves  exclusively  on 
the  chyl-aqueous  fluid. 

Amongst  the  family  Anciada^  first  defined  by  Audouin  and  Milne-£d« 
wards,  several  other  varieties  in  the  configuration  of  the  breathing  organs 
occur.  In  the  genera  Leuoodorey  Nerine  and  Aricia^  the  branchial  appen- 
dages afiect  a  dorsal  situation.  In  every  species  they  are  traversed  from 
base  to  apex  by  a  single  blood-vessel  returning  upon  itself  (fig.  18,  a).  This 
▼essel,  however,  is  supported  by  a  lobule  of  spongy  tissue  (fig.  18, 6),  into  the 
cells  of  which  the  fluid  of  the  visceral  chamber  penetrates.  The  office  of  re- 
spiration in  this  family  is  therefore  discharged  in  part  by  the  blood  and  in 
part  by  the  chyl-aqueous  fluid.  In  every  species  of  this  family  the  branchiao 
are  supplied  by  vibratile  cilia  having  a  distinct  disposition  in  each.  Lincodore 
eiUahUy  on  the  dorsal  aspect,  and  over  the  posterior  two-thirds  of  the  body, 
18  covered  on  either  side  with  a  row  of  flattened  conical  branchial  processes, 
blood-red  in  colour  and  richly  ciliated.  They  are  largest  anteriorly  and  small- 
est near  the  tail.  The  cilia  are  disposed  in  a  spiral  line  from  the  attached  to 
the  extreme  end.  Viewed  with  a  high  magnifying  power,  and  transparently, 
a  camerated  axis,  composed  of  exquisitely  fine  hyaline  cartilage,  may  be  dis- 
covered, fulfilling  on  the  branchiae  of  thb  elegant  little  boring  Annelid  the 
office  of  mechanical  support,  as  a  similar  structure  was  formerly  shown  to 
do  in  those  of  the  Sabelke. 

In  the  genus  Spio  or  Nerine  the  respiratory  organs  occur  under  forms  of 
the  highest  beauty  (Plate  V.  fig.  18).  They  constitute  flat,  membranous, 
penknife-shaped  appendages,  curving  gracefully  over  the  back  with  the  curve 
of  the  *^  ring  "  of  the  body  by  which  they  are  supported,  and  crossing  over  the 
dorsal  median  line  and  alternating  with  the  corresponding  process  of  the  other 
side.  The  plane  of  each  process  is  vertical  in  relation  to  the  longitudinal 
axis  of  the  body ;  they  lie  therefore  one  over  the  other  in  an  imbricate 
manner.  They  are  less  flat  and  close  in  N,  vulgaris  than  in  N.comooephala* 
They  are  largest  in  size  towards  the  middle  of  the  body  ;  smallest  anteriorly 
and  posteriorly.  The  blood-vessels,  the  afferent  and  eflerent  (a,  fig.  18), 
ran  close  to  and  parallel  with  the  inferior  border  of  the  process ;  the  upper 
part  of  each  is  composed  of  a  membranous  lobular  addition  to  the  inferior 
and  vascular  portion.  Into  the  cells  of  this  lobule  the  chyl-aqueous  fluid 
slowly  finds  its  way,  and  participates  obviously  in  the  office  of  respiration. 
In  N.  eonioeephala  it  is  remarkable  that  the  cilia  should  be  limited  in  their 
distribution  to  the  margin  along  which  the  true  blood-vessel  runs.  This 
fact  is  less  manifest  in  N,  vtdgaris  in  consequence  of  the  smallness  of  the 
membranous  lobule.  In  Aricia  Cuvieri  the  branchial  appendages  are  more 
conical  in  figure,  more  vertical  in  position,  and  developed  only  at  the  poste- 
rior four-fifths  of  the  body.  They  are  covered  with  large  vibratile  cilia,  which 
likewise  extend  over  that  segment  of  the  dorsum  which  separates  the  bases 
of  the  branchiae.  Like  those  of  the  preceding  genera,  they  are  supplied  with 
spongy  tissue  (fig.  18,  b)  for  the  exposure  of  the  peritoneal  fiuid*.  It  may 
have  been  remarked  that  in  all  the  members  of  the  preceding  family  the  real 
branchial  organ  has  consisted  of  an  evolved  or  exaggerated  development  of 
the  n^ferior  element  of  the  dorsal  foot.  In  the  genus  Nephtht/Si  which 
comes  now  under  review,  it  is  the  inferior  element  of  the  dorsal  foot  which 
becomes  the  subject  of  this  evolution.     Nephtkys  Hombergii  of  our  coasts 

*  I  have  dsacribsd  a  spsdes  of  Arkia  in  which  tbste  bimnchisl  orgaiu  are  entirely  sap* 
preiied. 
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18  a  remarkably  vigorous  and  active  worm,  and  yet  its  organ  of  breathing 
consists  only  of  a  comparative  small  curved  ciliated  process,  situated  under 
cover  of  the  dorsal  foot,  and  carrying  only  a  single-looped  vessel.  It  may 
be  mentioned  as  an  interesting  proof  of  the  real  appropriation  of  this  process 
in  Nephihys  to  the  function  of  breathing,  that  the  same  process,  although 
similarly  shaped,  on  the  ventral  or  inferior  foot,  is  not  provided  with  cilia, 
nor  is  it  penetrated  by  any  blood-vessel. 

The  genus  Cirrhatulus  of  Lamarck,  and  the  allied  group  constituted  by 
Savigny  undef  the  name  of  Ophelia,  introduces  to  the  physiologbt  another 
modification  of  the  branchial  organs  within  the  limits  of  the  dorsibranchiate 
order.  As  in  the  preceding  families,  they  are  in  these  latter  only  ^  develop^ 
menis*  of  the  dorsal  cirri.  In  Cirrhatulus  Lamarckii  (fig.  19,  a,  a),  a  linear 
series  of  yellowish,  and  bIood«red  threads,  remarkably  irritable  and  oontno- 
tile,  project  to  a  considerable  distance,  from  either  side  of  the  body,  through- 
out its  whole  length ;  at  the  occiput,  however,  they  are  arranged  in  a  crown* 
like  form.  These  beautiful  filaments,  which  are  obviously  designed  to  fulfil 
the  twofold  office  of  touch  and  respiration,  appear  under  the  microscope  to 
consist  only  of  a  single  blood-vessel  enclosed  in  a  delicate  sheath  of  integu- 
ment Closer  analysis,  however,  discovers  tioo  vessels  (fig.  19,  a")  in  each 
of  these  filaments,  and  traces  of  longitudinal  and  circular  muscular  fibres  in 
the  investing  sheath.  By  the  contraction  of  this  sheath,  the  enclosed  vessels 
may  be  completely  emptied  of  their  blood  from  one  end  of  the  filament  to 
the  other.  This  contraction  does  not  take  place  simultaneously  in  every 
part,  but  undulatorily,  the  wave  motion  beginning  at  the  extreme  fore-end. 
It  is  especially  to  be  noted,  that,  in  this  variety  of  appendage,  in  which  the 
respiratory  is  only  an  incidental  function,  there  exist  no  vibratile  dHa.  These 
organs  in  Ophelia  coarctata  exhibit  analogous  characters,  while  they  are  less 
numerous  and  much  shorter*.  The  AphrodUacea  constitute  a  group  of  An- 
nelids to  which  the  term  "  dorsibranchiate  "  by  no  means  correctly  applies ; 
that  is,  in  the  majority  of  the  species  embraced  in  this  order  no  branchial 
appendages  exist  either  on  the  dorsum,  or  any  other  part  of  the  body.  Respi- 
ration is  performed  on  a  novel  principle,  of  which  no  illustration  occurs  in 
any  other  family  of  worms.  In  all  AphrodiiaceiB  the  blood  is  colouriess. 
The  blood-system  is  in  abeyance,  while  that  of  the  chyl-aqueous  b  exagge- 
rated. Although  less  charged  with  organic  elements  than  that  of  other 
orders,  the  fluid  of  the  peritoneal  cavity  in  this  family  is  unquestionably  the 
exclusive  medium  through  which  oxygen  is  absorbed.  The  true  Aphrodite 
type  of  respiration  occurs  in  Aphrodita  aculeata*  In  this  species  the  tale  of 
the  real  uses  of  the  '  elytra '  or  scales  is  plainly  told.  Supplied  with  a  com- 
plex apparatus  of  muscles,  they  exhibit  periodical  movements  of  elevation 
and  depression.  Overspread  by  a  coating  of  felt  readily  permeable  to  the 
water,  the  space  beneath  the  scales  during  their  elevation  becomes  filled  with 
a  large  volume  of  ^filtered  water,  which  during  the  descent  of  the  scales  is 
forcibly  emitted  at  the  posterior  end  of  the  body.  It  is  important  to  remark 
that  the  currenjt  thus  established  laves  only  the  exterior  of  the  dorsal  region 
of  the  body.  It  nowhere  enters  the  internal  cavities ;  the  latter  are  every- 
where shut  out  by  a  membranous  partition  from  that  spacious,  exterior 
enclosure  bounded  above  by  the  felt  and  the  elytra.  In  this  species  the  peri- 
toneal  chamber  is  very  capacious,  and  filled  by  a  fluid  which  only  in  a  slight 
degree  contains  organized  narticles.  The  complex  and  labyrinthic  appen- 
dages of  the  stomach  lie  jtoatiny  in  this  fluid,  and  in  the  chambers  which 

*  I  have  recently  discoyered  several  new  species  in  which  the  brancbi*  assume  the  fili- 
form sl^  and  stanctnre  as  described  in  the  tex^  and  of  which  the  positioB  in  the  AnneU- 
dan  scale  should  be  near  that  of  OrrAalvftft. 
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divide  the  roots  of  the  feet«  From  this  relation  of  contact  between  the  peri- 
toneal fluid  and  the  digestive  cieca,  which  are  cUways  JiUed  hy  a  dark  green 
ckyle^  it  is  impossible  to  resist  the  conclusion  that  the  contained  fluid  is 
reallj  a  reservoir  wherein  the  oxygen  of  the  external  respiratory  current, 
already  described,  becomes  accumulated.  From  the  peritoneal  fluid  the 
aerating  element  extends  in  the  direction  of  the  caeca,  and  imparts  to  their 
contents  a  higher  character  of  organization.  These  contents,  thus  prepared 
by  a  sojourn  in  the  casca  of  the  stomach,  become  the  direct  pabulum  for 
replenishing  the  true  blood  which  is  distributed  in  vessels  over  the  parietes 
of  these  chylous  repositories.  The  sequence  of  events  now  indicated  will 
convey  to  the  mind  of  the  physiologist  a  dear  idea  of  the  mechanism  of 
the  processes  both  of  respiration  and  sanguification.  It  cannot  have  escaped 
observation  that  there  prevails  a  striking  resemblance  between  the  general 
anatomy  of  Apkrodita  actUeaia  and  that  of  the  Asteridss  among  the  £chi* 
noderms.  The  point  of  junction  thus  established  between  the  Echinoderms 
and  Annelida  is  as  obvious  and  natural  as  that  which  exists  between  the 
SipuncuUdce  and  the  Nemertimda,  It  is  thus  constantly  observed  by  the 
phUosophical  anatomist  that  in  the  animal  kingdom  adjacent  classes  are 
linked  together  into  a  continuous  series  at  mere  than  one  point. 

In  the  genus  Palmyra  no  external  respiratory  appendage  is  provided ; 
although  tbe^ee^  of  the  Aphrodite  are  absent,  the  elj^a  in  the  elegant  Pal- 
myra  aurifera  generate  a  true  branchial  current 

This  observation  is  ah^o  true  of  the  family  of  the  Pofynoe,  These  worms 
are  destitute  of  external  branchial  processes.  The  fleshy  cirri,  by  which  the 
true  respiratory  appendages  of  SigalumBoa  are  represented  in  ihePolynoi^ 
are  solid^  not  holhwand  eiliatedy  and  further  situated  only  on  every  third  or 
fourth  foot.  The  fluid  of  the  peritoneal  cavity  in  these  worms  is  voluminous ; 
it  is  little  corpusculated,  like  that  of  ^.  actUeata,  and  moreover  the  stomach  in 
the  genus  Polynoe  is  more  or  less  extended  laterally  in  form  of  diverticula. 
The  organisation  of  the  familiar  Sea  Mouse  therefore  conveys  exact  ideas 
with  reference  to  the  principles  of  structure  on  which  nearly  all  the  scale* 
clad  worms  are  formed.  In  all  '  the  scales '  are  mechanical,  and  very  skil« 
fully  contrived  instruments  for  generating  true  branchial  currents.  In  Siga-- 
lion  JBoa^  however  (flg.  20,  a),  which  is  a  worm  considerably  more  elon- 
gated than  the  Polynoe^  an  exception  pccurs  to  the  principle  observed  in 
the  other  scale-clad  worms ;  t.  e*  express  external  organs  of  respiration  are 
provided.  They  exist  under  the  character  of  hollow,  cylindrical  and  curved 
appendages  (fig.  20,  a)  emanating  by  a  mammilla  under  cover  of  the  scales, 
and  projecting  a  short  distance  beyond  their  outer  edges.  These  processes  are 
profusely  lined  within^  but  not  wiihouti  by  vibratile  cilia.  The  corpuscles  of  the 
peritoneal  fluid  may  be  readily  brought  under  the  eye,  while  whirling  in  the 
interior.  In  Polynoe  semisquamosa^  Williams  (fig.  21,  a),  a  flat  appendage 
is  added  to  the  base  of  the  foot,  presenting  radiating  canals  for  the  exposure 
of  the  peritoneal  fluid.  It  is  thus  then  established  by  direct  demonstration, 
that  the  fluid  contained  in  the  great  visceral  cavity  is  the  real  and  exclusive 
subject  of  the  process  of  oxygenation  in  these  scale-armed  Annelids.  If  this 
fluid  consisted  only  of  pure  water,  that  is,  if-its  specific  gravity  were  iden- 
tical with  that  of  the  external  element,  those  conditions  would  exist  which 
are  least  favourable  to  the  interchange  of  oxygen  and  carbobic  acid.  It  is 
therefore  no  departure  from  cautious  reasoning  to  infer  that  the  oxygen 
received  into  the  peritoneal  fluid  exerts  upon  the  elements  of  the  latter  the 
eflect  of  raising  them  in  the  scale  of  organic  fluids,  and  of  preparing  them 
for  the  work  of  solid  nutrition. 

It  now  remains  to  consider  the  mode  in  which  the  process  of  breathing 
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is  accompliBhed  in  the  Ahranchiaie  AnneUds.  Of  this  division  of  worms, 
it  is  stated  in  all  systematic  works  that  the  function  of  respirataon  de- 
volves on  "  the  external  cutaneous  surface  of  the  body,"  and  this  is  re- 
garded as  expressing  the  principle  on  which  the  same  function  is  performed 
in  all  Entozoa,  It  will  be  afterwards  proved  that  between  same  siiecies 
of  Abranchiate  Annelids  and  same  species  of  Entozoa  there  really  aoes 
obtain  almost  an  identity  of  structure,  under  a  striking  diversity  of  ex- 
ternal form.  In  the  Entozoa,  however,  the  space  between  the  peritoneum 
and  integuments  is  much  larger  than  in  the  corresponding  species  of 
Abranchiate  Annelids.  The  difference  affects  materially  the  mechanism  in 
the  two  cases  of  the  respiratory  process.  The  Entozoa  are  remarkable  for 
the  large  amount  of  the  peritoneal  fluid ;  the  true  blood-system  being  in 
proportionate  abeyance.  In  the  Abranchiate  Annelids,  the  system  of  the 
peritoneal  fluid  is  suppressed  proportionately  to  the  greater  development  of 
that  of  the  blood-proper.  Here,  as  in  other  Annelids,  the  proportion 
between  the  system  of  the  chyl-aqueous  fluid  and  that  of  the  true-blood  is 
observed  to  be  inverse. 

It  may  be  affirmed  as  a  law  of  the  organization  in  all  abranchiate  worms, 
that  the  system  of  the  blood-proper  is  more  developed  on  the  parietes  of  the 
intestinal  canal  than  on  the  integuments.     This  fact,  wherever  the  peritonetd 
space  is  obliterated  by  the  adherence  of  the  intestinal  cylinder  to  that  of  the 
integument,  transfers  the  office  of  respiration  from  the  latter  to  the  fonner 
region ;  that  is,  as  is  practically  demonstrable  in  the  instance  of  NaisJiUformiSy 
the  large  volume  of  water  which  is  incessantly  streaming  throughout  tbe 
length  of  the  alimentary  canal,  holding  atmospheric  air  in  solution,  while  it 
ministers  by  its  organic  particles  to  the  nutrition  of  the  system,  contributes 
also  by  the  air  with  which  it  is  mixed,  to  the  great  purpose  of  aerating  the 
living  fluids  of  the  organism.     This  is  accomplished  partly  by  the  exoamose 
of  the  dissolved  air  from  the  tw^ra-intestinal  into  the  peritoneal  or  extra-in- 
testinal space  ;  and  partly  by  the  absorption  of  it  into  the  true-blood  circu- 
lating in  the  vascular  plexus  by  which  the  intestinal  parietes  are  embraced. 
In  the  Entozoa  it  is  not  improbable  that  more  of  the  aerating  element  is 
derived  by  the  peritoneal  fluid  ab  extra,  from  the  medium  on  which  they  are 
parasitic,  than  ab  intra  from  that  which  they  swallow.     Whichever  of  these 
two  great  systems  of  the  body  (intestinal  and  integumentary)  be  entitled  to 
the  greater  share  in  the  process  of  respiration  in  the  Abranchiate  Annelids, 
it  should  be  remembered  that  in  the  Entozoa  the  structure  of  the  Integuments 
is  almost  entirely  destitute  of  true-blood-vessels.   This  fact  renders  the  infer- 
ence probable,  that  the  partition  of  the  integuments,  which  in  the  Entpzoa  is 
thiny  is  permeated  by  the  gaseous  elements  without,  and  that  they  thus  enler, 
without  meeting  much  of  the  true-blood  in  transitu^  into  the  fluid  of  the 
visceral  cavity,  by  which  it  is  brought  into  contact  with  the  solids  of  the  body. 
In  the  genera  Lumbricus  and  Hirudoy  the  peritoneal  fluid  and  space  being 
very  small,  the  function  of  breathing  falls  on  the  united  structure  of  the 
intestine  and  integument.     These  two  genera  are  remarkable  for  the  great 
development  of  the  reproductive  organs,  which  occupy,  to  crowding,  the  inter- 
val of  the  peritoneal  cavity ;  and  for  the  excessive  elaboration  of  the  system 
of  the  blood-proper. 

The  genus  Traphonia  is  characterized,  as  compared  by  the  former,  by  an 
increase  in  the  volume  of  the  contents  of  the  peritoneal  fluid.  Here  also  all 
traces  of  external  branchiae  are  wanting ;  life  is  maintained  through  the 
aerating  influence  of  the  chyl-aqueous  fluid. 

In  the  Naidesy  observation  proves  beyond  doubt,  that  breathing  is  accom- 
plished through  the  medium  of  the  peritoneal  fluid;   its  movements  are 
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ttpid,  and  composition  highly  organized ;  in  every  sense  it  is  organically  and 
chemically  qaalified  for  the  discharge  of  this  function. 

By  Attdouin  and  Milne-Edwards,  in  this  place  in  the  Annelidan  series 
is  placed  the  anomalous  genus  Clytnene,  No  attempt  has  been  made  by  these 
distinguished  authors  to  unravel  the  anatomy  of  these  eccentric  worms.  On 
the  head  and  body  no  vestige  of  external  appendage  (except  the  hooks)  is 
discoverable.  At  the  tail,  however,  irregularly  scalloped,  membranous  pro- 
cesses may  be  observed,  which  are  in  every  essential  respect  to  these  worms, 
what  the  cephalic  processes  in  them  are  to  the  SipuncuUda ;  that  is,  tbey  are 
hoUow  membranous  projections  of  the  peritoneal  cavity,  admirably  adapted 
to  expose  the  contents  of  this  cavity  to  the  influence  of  the  surrounding 
medium.  A  blood-vessel  or  two  may  be  traced  at  the  roots  of  these  pro* 
eeases,  being  only  enough  to  prove  that  the  system  of  the  blood-proper  in 
these  Annelids  is  very  insufficiently  developed  to  enact  the  great  function  of 
respiration.  The  branchial  processes  of  the  CfymenUke  are  not  provided  with 
ciUa;  they  afford  the  only  illustration  in  the  class  Annelida  of  branchial 
oivans  specialized  around  the  outlet  of  the  alimentary  system. 

It  has  now  been  shown  that  the  branchial  organs  in  the  Annelida  arrange 
themselves  under  two  leading  divisions,  between  which  a  clearly  legible  line 
of  demarcation  exists.  Under  one  of  these  divisions,  the  bloodvessels  bearing 
branchifls  occur ;  under  the  other,  those  organized  for  the  exposure  of  the 
chyl-aqueons  fluid.  It  was  formerly  demonstrated  in  detail  that  this  fluid, 
in  larger  or  smaller  volume,  and  in  proportions  varying  in  different  species 
relatively  to  those  of  the  true-blood  system,  occurs  in  nearly  every  known 
Annelid.  When  the  contents  of  the  latter  are  well  exposed  to  the  agency  of 
oxygen,  no  provision  in  general  exists  for  the  exposure  of  the  former  fluid ;  and 
conversely,  when  the  appendages  designed  for  the  oflice  of  breathing  are  con- 
structed with  especial  reference  to  the  outspreading  of  the  former  to  the 
aerating  medium,  blood-vessels  are  seldom  found  to  enter  into  their  structure. 
It  is  probable  therefore  that  in  the  osconomy  of  the  Annelid  these  two  fluids 
are  co-ordinate  elements;  they  are  convertible  proximate  principles;  they 
exhibit  equal  physiological  capacities ;  both  are  capable  of  discharging  the 
function  of  respiration,  and  both  are  capable  of  supplying  the  solids  of  the 
body  with  the  materials  of  increase. 

Locomotive  amd  taetUe  appendages. — The  cirri  and  setss  of  the  feet  are 
included  under  this  head.  The  former  admit  of  subdivision  into  two  varieties, 
of  which  one  may  be  classed  as  the  natatory  and  the  other  as  the  tactile. 
The  setsB,  constituting  in  many  species  appendages  to  the  body,  of  the  most 
brilliantly  ornamental  character,  are  always  important  mechanical  means  of 
locomotion.  Sensation  and  locomotion  are  thus  in  the  Annelida  provided 
for  by  means  of  organs  of  elaborate  construction.  So  numerously  and  inter- 
estingly diversified  in  number,  proportions,  and  form,  are  these  several  parts 
of  the  feet,  that  a  detailed  description  of  them  becomes  here  necessanr  in 
order  that  what  is  mo2.t  characteristic  in  the  anatomy  of  species  may  be  fully 
expounded.  That  element  of  the  foot  which  is  dedicated  to  the  function  of 
breathing  has  already  been  made  the  subject  of  minute  inquiry.  Under  the 
present  head  therefore  the  branchue  will  receive  no  further  notice. 

The  branekuB  and  operculum  which  plume  so  richly  the  head  in  the  ge- 
nus Serpula,  are  endowed  with  extreme  sensibility.  This  provision  super- 
sedes the  necessity  for  fleshy  tactile  appendages  to  the  body,  which  is  enclosed 
by  the  calcareous  tube  in  which  the  worm  lives  :  in  structure  and  curvature 
these  tubes  differ  in  different  species.  The  interior  is  smooth,  not  so  smooth 
however  as  to  be  slippery,  nor  so  hard  as  to  render  difficult  or  impossible  the 
^mimgol  the  hooks  and  bristles  of  the  feet,  by  which  the  animal  is  enabled  to 
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rifle  or  descend  at  will.  The  body  of  the  Serpula  is  obviously  distingoished  into 
two  parts,  of  which  one  may  be  called  the  thoracic,  and  the  other  the  abdon(ii<« 
nal.     The  former  is  provided  with  prominent  feet,  powerfully  protrusile,  and 
a  system  of  strong  bristles  (Plate  VI.  fig.  2%  a),  which  during  the  movement 
of  the  feet  run  to  and  fro  in  the  axes  of  the  feet  On  the  dorsal  aspect  of  these 
appendages,  a  row  of  microscopic  hooks,  marked  by  a  minutely  dark  linOf 
extending  transversely  in  part  round  the  body,  may  be  discerned  (fig.  22^  6)« 
It  is  by  aid  of  these  inimitable  instruments  that  the  worm  grasps  the  interior 
of  the  tube.     They  are  wielded  by  means  of  long  thread-like  tendons,  fixed 
on  artful  mechanical  principles,  to  the  attached  end  of  each  hook.    During 
the   action   of  the  muscles,  of  indescribable  delicacy,   the  hooks  are  pro* 
jected  to  some  distance  beyond  the  plane  of  the  surface  on  which  they  repose 
in  the  inactive  state.     These  singular  organs  are  formed  after  the  pattern  of 
the  common  <<  bill-hook'*  of  farmers,  having  the  edge  deeply  notched  into 
teeth^  directed  downwards.     Through  the  agency  of  these  hooks  the  worm  is 
enabled  to  withdraw  itself  into  its  tube  with  extraordinary  precision,  rapidity, 
and  muscular  force.     In  this  movement,  arithmetic  would  fail  to  compute  the 
number  of  these  instruments,  which  is  simultaneously  extruded :  their  ofiice 
is  exclurively  that  of  pulling  the  animal  back  into  its  cell.    Giflied  withsuoh 
marvellous  instruments,  and  alarmed  by  external  danger,  these  elegant 
Annelids  will  retreat  with  the  rapidity  of  lightning.      The  advance  move- 
ment, in  which  it  pushes  itself  out  of  its  tube,  is  of  course  the  reverse  of  the 
former;  but  what  is  remarkable  is,  that  this  movement  of  emergence  is  per- 
formed by  means  of  organs  quite  distinct  and  different  from  those  used  in 
the  act  of  retreating.     In  principle  of  action  and  construction,  these  instru- 
ments are  strikingly  dissimilar — one  is  VipfdUng  and  the  other  is  a  puMng 
machine.    The  setse  or  bristles,  which  are  protrusile,  are  the  pushing  organs 
(^g.  22,  a).     Nothing  in  nature  is  so  perfect  as  the  adaptation  with  which 
these  organules  are  fitted  for  the  end  in  view.     Each  seta  is  composed  of  a 
strong  rigid  and  unresisting  shaft,  and  an  expanded  shoulder,  drawn  out  into 
a  point.    On  one  side  of  thb  points  shoulder  may  be  remarked  a  double 
row  of  serrations  which  are  admirably  calculated  to  coOch  against  the  surface 
of  contact,  forming  thereby  a  firm  and  fixed  point  of  propelling   force- 
Computing  the  pushing  force  which  each  seta  is  capable  of  exerting,  and 
multiplying  this  amount  by  the  number  of  setss  in  each  foot,  and  this  again 
by  the  number  of  feet  with  which  the  worm  is  provided,  a  conception  may 
be  formed  of  the  aggregate  of  mechanical  power  with  which  the  animal 
executes  its  «  march  forwards."    A  similar  calculation  applied  to  the  hooks, 
will  give  a  correspondingly  prodigious  resultant  of  power  for  retreat     The 
mechanical  principles  thus  imperfectly  expounded,  will  correcUy  apply  in 
every  particular  to  the  instances  of  all  tubicolous  worms ;  the  hooks  perform 
one  movement,  the  bristles  another.    Never  before  has  the  meaning  oi  these 
matchless  instruments  been   differentially  defined.     The  hooks  and  the 
t^w^^'\  ^^^"^^^'^l^,  *°d  distinctive  of  species.    By  one  singirmicio! 
tEti^r  r  "^^  ^"^'^^^  ^"^y  "»^«^  ^«  %^^  P^^ers  of  the  mic«^J^ 
SduarS  m^^W^^^^       ^^t  '^""'^^  and  mentaUy  reconstruct  thel^dll 
d^ZZ  T.L  /""^P^  ^?r  ^?«  «^i«°<^  of  observation  I     In  the  Serpuli- 
Sef^re  at  the  h^^^^^^      tubicolous  Annelids,  the  feet  near  the  tail,  aS 

end  of  thi  habiitS.^  T^^^^^^^  Bcmping,  and  wiping  theiLcal 

household  duties  w  11  b««fbf.«^^       ^""^^^J  discharge  of  these  necessary 
tritans!  afterwards  described  more  at  length  in  the  Amphl- 

The  SabelkB,  like  the  SerpuMa^,  are  tubicolous;  the  tube,  of  the  .Sbftefts 
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are  however  soft,  tenacious,  flexible,  and  muddj.  Slimy  mucus,  furnished 
hf  the  integumentary  glands  of  the  body,  is  the  mortar  or  cement,  fine  sand- 
molecules  are  the  *  stones*  or  solid  material  of  the  architecture.  In  the 
SaMkBy  the  hme  of  which  the  tubes  are  built  is  held  in  solution  in  the 
mucus  provided  by  the  cutaneous  glands.  It  is  adjusted  in  the  fluid  form, 
and  moulded  by  appropriate  tools  into  the  required  shape :  t^  then  solidifies ; 
solidifies  too  under  water,  like  the  ^Aberthato  lime  I "  The  tube  of  the  SdbelUe 
fits  closely  round  the  body  of  the  worm ;  it  is  slightly  elastic,  and  the  interior 
is  smooth. 

It  is  a  fact  of  singular  mechanical  interest,  that  the  tharaeiefeety  which  vary 
in  number  in  different  species,  are  disposed  in  a  manner  which  is  the  exact 
reverse  of  that  in  which  the  abdomindd  are  arranged ;  the  latter  being  distri- 
buted over  the  posterior  {^ths  or  f  ths  of  the  body.  This  remarkable  pro- 
vision confers  manifestly  on  the  inhabitant  of  the  tube,  which  is  frequently 
unattached  except  at  its  inferior  end,  the  power  of  rolling  on  its  own  axis,  of 
turning  round,  in  order  that  it  may  sweep  with  its  branchiae  in  search  of 
food  and  fresh  portions  of  water,  the  whole  circumference  of  the  circle.  This 
disposition  of  the  thoracic  feet  on  the  dorsal  aspect  of  the  body,  while  the 
abdominal  ar6  placed  on  the  ventral,  with  a  simplicity  of  mechanism  per- 
fectly wonderful,  arms  the  worm  with  the  means  oi  fixing  the  tube  whilst  it 
execates  its  complex  movements.  If  all  the  feet  were  disposed  on  the  same 
skie  of  the  body,  this  important  object,  it  must  be  at  once  obvious  to  the 
meehaniciaD,  never  could  be  accomplished.  The  worm  would  be  a  palsied 
prisoner  in  its  self-constructed  cell. 

The  brushes  of  setn  in  the  thoracic  feet  point  dorsally,  and  the  row  of 
hooks  extend  from  their  bases  in  the  direction  of  the  dorsal  median  line.  The 
hmsiies  of  the  abdominal  feet  point  ventrally,  and  the  row  of  hooks  extend 
from  their  roots  transversely  in  the  direction  of  the  ventral  median  line.  It 
is  evident  then  that  these  classes  of  feet  must  act  in  opposite  directions.  The 
hooks  slightly  vary  in  fonn  in  difierent  species,  but  the  setae  in  all  the  species 
are  constructisd  on  one  plan  (fig.  2S,  a).  In  ifabella  d  sang  vert  (M.  Edwards), 
the  hooks  (fig.  23,  B)  are  formed  by  the  turning  of  a  finely  sharp  beak  very 
much  upon  itself,  the  attached  end  or  root  expanding  into  a  broad  base. 
Prom  this  latter  part  a  very  curious  daw-like  process,  surmounting  a  straight 
shaft,  proceeds  (fig.  23,  B),  the  use  of  which  must  consist  in  tightening  the 
tobe  (^ter  the  hook  has  been  fixed,  and  that  to  render  the  hold  of  the  latter 
more  secure.  The  seta  present  a  leaf-like  form,  and  margins  strongly  toothed 
(6g.  28,  a).  Composed  of  an  unyielding  homy  material,  they  are  admirably 
fitted  for  pushing ;  the  feet  in  these,  as  in  other  worms,  act  in  obedience 
to  the  principle  of  the  composition  of  forces.  The  forces  meeting  and  uniting 
in  the  ideal  axes  of  the  body,  or  rather  in  the  centre  of  the  body  of  the 
animal,  produce  a  resultant  expressed  by  its  motion  forward 

In  SabeUa  vesiculosa  (Montagu\  the  hooks  are  formed  somewhat  difier-* 
ently.  The  broad  bases  observea  in  the  former  instance,  are  replaced  by  a 
tap^g  curved  end  to  which  the  muscle  is  attached  (fig.  23,  B).  The  feet 
are  shnilarly  distinguished  into  thoracic  and  abdominal :  the  setae  are  cou- 
Btracted  upon  the  same  precise  type.  The  same  disposition  of  the  feet  pre- 
vails in  JSabella  unispira  (M.-£dwards) ;  here,  however,  the  bases  of  the 
hooks  are  broad,  and  the  daw-like  process  described  in  S.  a  sang  vert  reap* 
PttTB.  The  setae  preserve  the  type  of  construction  characteristic  of  the  genus. 

The  feet  in  Terebelke  are  composed  only  of  hooks  and  setae.  The  soft 
appendages  are  transferred  to  the  head,  where,  under  the  form  of  tentacles, 
they  assume  an  extreme  degree  of  devdopment.  A  full  statement  of  the 
Uitory  of  theae  remarkable  organs  has  already  been  given. 


Digiti 


zed  by  Google 


206  RBPOAT — 1851. 

The  TerebeUa  differ  from  the  Sabella  in  the  uoiformlj  abdominal  pontion 
of  the  feet  and  rugae  for  the  hooks.    Since  the  tube  iBfixed^  this  arrange* 
ment  entails  no  inconvenience.     In  another  essential  respect  the  Terdfeiim 
are  distinguished  from  the  Sabelia.    In  the  former  the  cephalic  tentacles  are 
powerful  manual  appendages,  uniting  in  themselves  the  threefold  office  of 
touch,  prehension,  and  pidUng ;  for  it  was  shown  that  through  their  aid  the 
animal  assists  the  operation  of  the  hooked  and  setiferous  feet  in  drawing 
itself  forwards ;  in  the  SabelkBy  the  cephalic  appendages  are  quite  incapable 
of  any,  the  slightest  motive  act ;  they  ^re  exclusively  branchial.   The  duties  of 
locomotion  therefore  in  this  latter  genus  devolve  exclusively  on  the  feet. 
In  the  Terd>elhBy  the  setiferous  feet  are  limited  to  the  anterior  end  of  the 
body ;  the  posterior  presenting  the  form  only  of  hook-armed  ridges.     In 
TerebeUa  nebuhsa  these  feet  amount  to  twenty-three  in  number ;  the  setae 
with  which  these  feet  are  furnished,  are  simple  or  unserrated  lancet-shaped 
and  flattened  hairs.     The  feet  themselves  are  capable  of  only  slight  extrusion 
beyond  the  plane  of  the  body,  serving  more  the  purpose  of  trowelling, 
plastering,  and  polbhing  the  interior  of  the  tube,  than  of  moving  the  aniDoal 
in  its  cell.  The  hooks  (fig.  24),  in  nearly  all  species  of  TerebMBt  are  dispooed 
in  double  rows  on  the  dorsum  of  each  ridge.     This  arrangement  exbts  inva- 
riably on  the  **  ridges  "  of  the  posterior  f  ths  of  the  body ;  on  the  anterior 
setiferous  portion  they  are  often  in  single  rows.    It  is  evidently  designed  as  a 
means  for  ^tm\y ^fixing  to  the  tube  the  tail  end  of  the  body,  in  order  that 
upon  it  as  a  pivots  the  anterior  portion  and  the  head  may  enjoy  perfect  free* 
dom  of  motion.   Considering  the  extreme  power  of  elongating  and  contract- 
ing the  body  with  which  these  ornamental  worms  are  gifted,  it  is  mechanically 
clear,  that  upon  such  a  basis  a  great  range  of  movement  is  secured.     The 
hooks  themselves  are  furnished  with  one  long  and  large  tooth,  and  several 
smaller  ones  above  the  former ;  the  back  presents  a  projecting  spine,  to  which 
a  tendon  is  attached,  the  office  of  which  is  to  tingrasp  or  loose  the  tooth  from 
its  hold,  and  which  may  be  called  the  laxator  hamuli*    The  attached  conical 
base  of  each  hook  is  furnished  with  another  tendon,  the  muscle  of  which  may 
be  called  the  tensor  hamuliy  as  through  its  agency  theactof./£»ii;^the  hooks 
is  performed.  On  the  ventral  median  line  in  TerebeUa  nebulosa  thick  muscular 
transverse  scale-like  rugse,  mistaken  by  Montagu  for  actual  scales,  are  de- 
veloped, forming  in  part  afulcrum  for  muscularaction,andin  part  steadying  the 
cephalic  end  of  the  body,  with  a  view  to  the  pulley-like  operation  of  the  ten* 
tacles.    In  TerebeUa  conckilega  the  setiferous  feet  are  only  sixteen  in  num- 
ber, the  hooks  and  setae  differing  very  slightly  in  model  from  those  of  the 
former  species  (fig.  25).     The  feet  effect  a  similarly  ventral  situation,  and 
the  scale-like  rugae  under  the  thorax  present  a  corresponding  character, 
only  that  in  TertbeUa  canehilega  the  ventral  median  line  is  painted  red  hj  m 
band  of  cutaneous  pigment,  which  is  commonly  mistaken  by  cursory  observers 
for  a  large  blood-vessel.    In  two  other  and  much  smaller  species,  which  the 
author  has  recently  added  to  those  generally  known,  the  setiferous  feet  in  one 
are  thirteen  in  number,  and  in  the  other  eight ;  in  the  latter  they  stand  on 
prominent  peduncles,  and  differ  strikingly  from  those  of  the  other  species. 
The  hooks  vary  only  in  the  number  of  the  teeth  and  m  size  (fig.  26). 

The  tubeof  the  TWv^^,  according  tothe  author's  observation,  is  perforated, 
not  caecal,  at  ito  inferior  termination.  The  faeculence  rejected  by  the  animal 
18  thus  made  to  escape  from  the  tube,  by  the  force  of  a  current  of  the  external 
water  which  is  admitted  into  the  tube,  between  the  tube  and  the  body  of  the 
worm,  and  driven  out  through  the  posterior  aperture  of  the  tube  by  the  sudden 
retreating  and  swelUng  of  the  animal  in  its  tube.  It  is  accordingly  found 
that  m  the  TerOeUa  there  exists  no  provisioDj  such  ai  that  which  will  after* 
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wards  be  explained  in- the  AmphUriUB^  for  directing  and  impelling  upwards 
along  the  tube  the  rejectamenta.  It  is  desirable  to  remark,  at  this  place,  that  in 
the  TerebeUoi  the  number  of  the  setiferouafeetcoimixit^s  by  far  the  best,  most 
constant,  and  most  easily  determined  character  for  the  establbhment  of  the 
boundaries  of  species.    Between  some  of  the  species  constituted  by  Montagu 
no  difference  exists  but  that  of  age ;  the  same  individual  at  two  periods  of  its 
growth  b  frequently  referred  to  two  distinct  species.     Having  no  fixed  and 
constant  mark  of  species,  his  definitions  are  vague,  and  quite  incapable  of 
verification.     The  tentacles  undergo  numerous  variations  with  age,  so  like- 
wise do  the  branchiee ;  these  organs  are  therefore  valueless  for  classification. 
The  genus  Amphitrita  is  also  tubicolous,  and  generally  fixed ;  some  species, 
as  A»  auricomoj  are  distinguished  however  for  the  power  of  carrying  their 
tubes  about  from  place  to  place ;  and  though  tubicolous,  are  not  therefore 
sedentary.    In  one  species,  A,  alveolata,  the  branchiae  appear  as  dorsal  ap* 
pendages  of  the  annuli  of  the  anterior  f  ths  of  the  body ;  in  another  these 
organs  occur  at  two  pectiniform  vascular  processes  on  either  side  of  the  neck. 
In  a  third  and  most  beautiful  species,  which  I  have  recently  established  under 
the  name  of  Sabina,  the  branchiss  assimilate  themselves  in  structure  and 
situation  to  those  of  the  Serpulidans.     In  this  genus,  in  addition  to  the  hooks 
and  setse,  the  feet  are  provided  with  tactile  papillss  or  cirri.    The  hooks  are 
disposed  on  elevated  ridges  extending  round  the  body  from  the  bases  of  the 
feet.    Firti^  in  A,  alveolata^  a  group  of  flexible  tentacles  is  gathered  round 
the  occiput,  which  discharge  the  office  of  sensation  and  prehension.  On  the 
three^«^  post-occipital  rings,  branchiee,  cutting  instruments,  and  hooks  are 
developed ;  each  hook-bearing  ridge  supports  at  eUher  end  a  brush  of  acutely 
cutting  double-edged  setse  (fig.  ^7f  a).   These  cutting  toob  are  limited  to  tb« 
three  first  feet ;  they  are  fitted  in  the  most  perfect  manner  for  the  uses  of 
*^  dressing  "  the  materials  wherewith  the  architecture  of  the  tube  b  raised.  By 
them  rough  hewn  stones  are  polished,  rugged  surfaces  worn  down,  and  angry 
projections  from  the  interior  of  the  tube  smoothed  off.    At  one  extremity 
tb^  ridges  are  elongated  into  branchial  processes ;  all  the  feet  below  these 
are  furnbhed  with  setae,  which  are  formed  on  a  totally  different  plan  of 
structure,  and  which  are  evidently  intended  for  a  distinct  office.     Each  seta 
consbts  of  a  straight  flattened  shaft,  terminating  in  an  extremely  fine  point, 
from  either  side  of  which  minute  sharp  teeth  point  towards  the  free  end 
of  the  seta.    These  setae,  from  their  construction,  are  obviously  designed  for 
pushing ;  that  b,  they  constitute  the  agents  by  which  the  worm  advances 
towards  the  mouth  of  its  tube.    Below,  and  at  the  base  of  each  setiferous  ap> 
pendage,  the  three  first  excepted,  a  minute  papilla  is  observed,  which  through- 
out the  anterior  fths  of  the  body  preserves  its  rudimentary  proportions-; 
near  the  tail  however  these  papillae  augment  rapidly  in  size,  and  assume  the 
peculiar  characters  of  club-shaped  processes,  perforated  at  the  distal  end  by 
orifices  leading  into  their  hollow  axes.    In  these  axial  channeb  lies  a  bunch 
of  singularly  formed  setae,  capable  of  protrusion  to  an  immense  distance 
beyond  the  dub-ends  of  the  fleshy  processes ;  each  of  these  setae  enlarges  at 
its  extremity  into  an  oval  sponge-body  (fig.  27, 6),  from  the  base  of  which,  in 
one  direction,  there  proceeds  backwards  (recurved)  an  acute  seta,  and  from 
the  end,  another  needle-like  process  directed  towards  the  root,  projects  <tt 
the  other  side.    Nothing  in  nature  or  art  b  comparable  in  perfection  of 
mechanism  to  these  exquisite  organs. 

The  work  of  scraping,  scouring,  planing,  mopping  and  sponging,  oeoono- 
mic  duties  for  the  dbcbarge  of  which  art  has  never  yet  produced  a  single 
capable  instrument^  is  performed  by  these  marvellous  implements  alternately, 
•successiYcly  or  simultaneously  with  equal  facility  and  completeness.    They 
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pretenre  the  inrerior  end  or  bottom  of  their  tabe-hoase  in  a  conrtaBti^ 
of  tenantable  puritj  and  cleanliness,  for  the  tube  inhabited  by  the  Amphi- 
trite  is  ciecal.  Another  provision,  of  a  no  less  ingenious  description,  agabst 
fsBCulent  and  noxious  accumulation,  is  remarked  in  the  organization  of  the 
taiL  At  a  given  point  the  processes  and  branchiae  abruptly  terminate ;  from 
this  point,  the  true  tail,  under  the  form  of  a  cylindrical,  contracted  and  coiled 
portion,  extends  to  some  further  distance,  and  then  turns  upwards  parallel 
with  the  body  of  the  worm,  in  order  with  the  greater  mechanical  advantage 
to  project  in  the  direction  of  the  upper  orifice  of  the  tube  the  fecal  refose. 
This  sagacious  contrivance  has  not  eluded  the  discriminating  eye  of  Cavier. 

In  A.  aurkoma  (fig.  28)  the  papillae  and  cirri  of  the  feet  are  eatiielj 
absent ;  the  hooks,  however,  similarly  disposed  on  transverse  eminences,  are 
stronger  and  larger,  and  the  setae  are  serrated  only  on  one  side.  The  tail- 
like appendage  to  the  inferior  extremity  of  the  body,  in  all  respects  bat  one, 
is  formed  on  the  model  of  that  of  the  former  species.  One  labium  of  tbe 
terminal  orifice  is  here  extended  into  a  flap-like  process,  which  by  a  suddeo 
act  of  muscular  contraction,  imparts  a  smart  blow  to  the  faeculent  mass  as  it 
escapes  from  the  intestine,  and  thus  eflectively  conveys  it  to  the  upper  out- 
let of  the  tube.  This  terminal  extreme  of  the  alimentary  canal  is  richly 
provided  with  lai^e  and  vigorous  cilia.  In  Sabina  Poppaa  (Williams)  tiic 
anal  orifice  is  fringed  with  fleshy  processes,  which,  clothed  with  vibratile 
cilia,  fulfil  offices  which  in  tbe  former  species  devolved  on  a  specially  formed 
tail.     In  all  cases  the  office  of  the  hooks  is  the  same. 

It  is  here  in  alliance  with  the  Amphitrite  that  the  author  would  locate  the 
little  rock-boring  Leucodare  eiUaius.    Its  occipital  tentacles  are  only  two  is 
number — long,  muscular  and  mobile;  they  are  subservient  to  prehension. 
The  thoracic  region  of  the  body  is  definitively  marked  from  the  abdominal^ 
and  is  terminated  by  a  foot  much  larger  than  any  of  the  rest     The  rows  of 
hooks  (fig.  29,  a)  are  placed  dorsally;  each  hook  is  double-toothed  aod 
supported  on  a  long  stem.  The  branchiae  are  dorsal  like  those  of  AmpkMe 
altfeolaia.     The    feet  are  biramous,   carrying  a  double  bunch   of  set* 
(fig.  29,  b).    These  latter  occur  under  three  varieties  of  form ;  some  are 
awl-like  for  piercing ;  some  are  pincer-like  for  grasping ;  others  are  plain- 
edged  for  scraping.   Nothing  in  the  structure  of  this  little  worm  equals  *  the 
tau*  in  beauty  and  singularity.     The  lower  extremity  of  the  tube  inhabited 
by  it  is  caecal  and  smooth,  and  not  drawn  out,  as  in  other  cases,  into  a/se 
conical  cell.    The  tail  is  organized  peculiarly  and  with  express  reference  to 
this  formation  of  the  bottom  of  tbe  cell.     It  is  expanded  with  geometrical 
exactitude  into  a  hollow  consy  the  anus  occupying  its  receding  apex.    This 
remarkable  and  most  beautiful  apparatus  acts  on  the  principle  of  tbe  suckr. 
Its  sides  are  composed  of  a  membranous  muscle.     When  it  is  being  applie<l 
to  its  point  of  attachment,  the  worm  lets  down  its  weight  upon  the  part,  in 
order  to  press  out  the  water  with  which  the  bottom  of  the  tube  may  be 
filled.     The  tail  is  then  suddenly  drawn    up,  a  movement  by  which  the 
apex  of  the  cone  is  raised  from  the  surface  of  contact    The  pressure  of  the 
water  with  which  the  tube  is  filled  is  now  rendered  operative,  and  the  little 
worm  amid  the  raging  billows  is  securely  anchored  to  its  cell.    It  is  irapoS' 
Bible  to  discover  in  this  wondrous  vital  mechanism  a  single  particular  in 
which  the  principles  of  hydroUcUic  pressure  are  not  minutely  obeyed. 

In  the  organization  of  the  feet  of  the  familiar  genus  Arenieoh,  there 
is  little  to  call  for  remark.  Formed  to  move  readily  through  loose  saud, 
pedal  appendages  are  scarcely  required.  Tbe  brushes  of  bright  iridescent 
setae  (fig.  30),  which  arise  on  either  side  out  of  the  twenty  anterior  rings  of 
the  body>  constitute  the  sole  motor  elements  of  the  appendages.    Tbe  tbir- 
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teen  hat  of  these  setee,  thoagh  beautified  by  the  branchial  tufb,  are  identical 
in  stroctare  and  action  with  the  seven  anterior.  The  setae  consist  of  a  long 
rigid  flattened  shaft,  supporting  on  either  side  long,  closely-adjusted  and 
slender  secondary  setss,  after  the  pattern  of  a  oen.  They  are  exactly  penni' 
form.  Such  a  figure  fits  these  omtns  most  admirably  for  the  practical  work 
which  they  are  required  to  perform.  Moving  through  a  loose,  yielding, 
pulverulent  soil,  a  smooth-edged  seta  would  oppose  too  lUde  resistance  in 
penetrating  such  a  substance  to  enable  tlie  worm  to  malce  any  forward 
movement  Supplied,  however,  with  secondary  setae,  which  expand  and 
separate  from  each  other  as  the  resistance  of  soil  operates  from  the  point 
towards  the  root,  each  foot,  although  planted  only  into  sand,  becomes  a  firm 
fulcrum  on  which  the  worm  elongates  its  body  and  carries  forward  its  snout 
in  its  boring  operations  with  considerable  muscular  power. 

A  worm  has  lately  fallen  under  the  author's  observation  for  the  reception 
of  which  he  has  ventured  to  constitute  a  new  species  under  the  name  of  C/y- 
menoida  arenicaida.  The  anterior  part  of  the  body  in  all  essential  characters 
is  close!  V  similar  to  that  of  the  Arenicola.  It  is  to  this  region  of  the  body  that 
the  setiferous  feet  are  limited ;  they  amount  to  about  seventeen  in  number ; 
the  setsB  are  organized  after  the  type  of  those  of  Arenicola ;  the  snout  and 
proboscis  are  ^so  'analogous :  there  are  no  external  branchiae.  The  poste** 
rior  four-fifths  of  the  body  is  two-thirds  embraced  by  strong  muscular  raised 
rings,  which  support  three  lines  of  hooks  (fig.  31),  distinguished  from  all 
those  hitherto  described  in  the  Tubicolay  in  being  sustained  on  a  long  stalk, 
the  whole  forming  the  figure  of  S.  These  instruments  are  well  calculated 
to  gain  for  the  active  and  boring  cephalic  end  of  the  body  a  firm  basis  of 
movement,  by  securely  anchoring  the  posterior  portion  to  the  walls  of  the 
factitious  tube  in  which  the  animal  is  generally  found  to  be  lodged. 

In  these  worms  there  are  no  specialized  tactile  organs  under  the  form  of 
papillae  or  cirri. 

In  the  kindred  genera,  however,  q^  Euphrosynes  HipponoitPleiane,  Chlceiat 
while  the  feet  are  furnished  with  denser  and  larger  brushes  of  setae,  cirri 
more  or  less  developed  are  found  always  to  exist  Of  these  genera  few 
illustrative  species  are  found  on  the  English  shores.  The  feet  are  organized 
more  for  moving  readily  through  water  than  a  solid  soil. 

Several  elegant  representative  species  of  the  genus  Eunice  frequent  the 
British  shores.  They  are  organized  to  move  in  underground  tunnels.  In 
structure  the  feet  present  an  adaptation  to  the  wants  of  such  a  mode  of  life* 
In  the  largest  species  o^ Eunice,  asE^antenntUay  below  the  branchiae,  which 
are  most  dorsally  placed  of  all  the  parts  of  the  feet,  a  tapering  fleshy  process 
is  observed,  the  office  of  which  is  evidently  to  guard  the  root  of  the  branchia  ; 
it  is  tactile.  Next  to  this  element,  on  the  ventral  side,  is  situated  a  broad  fan- 
shaped  cirrus,  fitted  well  for  the  work  of  rowing  through  water  or  liquid  mud. 
This  lamellated  cirrus  is  perforated  irregularly  by  canals,  into  which  the  fiuid 
of  the  peritoneal  cavity  freely  enters ;  it  is  also  protected  by  two  bunches  of 
bristles,  which  are  arranged  on  a  vertical  plane.  At  the  extreme  end  of  each 
seta  is  remarked  a  joint-like  break,  at  which  the  junction  occurs  between  the 
€iul(sabre-shaped)of  the  seta  and  its  shaft  (fig.3'2).  The  union  between  these 
two  parts  of  the  seta  is  not,  however,  an  articulation.  A  true  articulatioa 
happens  nowhere  in  the  appendages  of  the  Annelida.  These  quasi^articu- 
lated  setae  act  on  a  definite  mechanical  principle;  the  extreme  portion  is 
first  firmly  planted  on  the  surrounding  substance,  on  it  then  as  a  poini 
d^appui  the  shaft  revolves,  and  the  body  of  the  worm  is  moved  forwards  or 
backwards,  according  to  the  direction  of  muscular  action.  The  setae  in 
E.  fftgameoj  of  which  no  example  has  yet  been  found  by  the  author  on  our 
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coasts,  are  armed  with  an  articulated  seta,  which  is  bi-edged,  and  some- 
times serrated.  In  this  species  the  foliaceoas  cirri  are  wantiug.  The  sub- 
genera Lycidicey  Aglaura  and  (Enont^  present,  in  the  construction  of  the 
mechanical  constituents  of  the  feet,  examples  of  exquisite  contrivance. 

The  solid  elements  entering  into  the  composition  of  the  feet  of  Zyctduas 
NineUa,  occur  under  two  varieties :  the  first  is  limited  to  the  superior  foot, 
the  second  to  the  inferior ;  the  superior  foot  consisting  of  the  branchia,  a  pro- 
trusile  foot  from  the  end  of  which  the  setae  proceed,  and  in  the  axis  of  which 
they  run  freely  under  muscular  agency.  These  setse  are  constructed  for 
rowing  (fig.  SS)  ;  they  include  two  forms  of  oars ;  the  first  having  a  flat^ 
tened  blade-like  shape,  and  that  in  which  the  expanded  extremity  is  abruptly 
cut  across  spade-like  (fig.  S3,  a).  These  oars  are  capable,  while  in  action, 
of  being  turned  upon  their  own  axes,  in  other  words,  of  being  "  feathered.** 
The  terminal  edge  of  the  spade-like  variety  is  minutely  serrated,  adapting  it 
for  scraping  when  required.  The  setae  of  the  inferior  foot  are  quite  dif-* 
ferently  formed.  They  are  composed  of  a  long  strong  stem  expanded  at  its 
extremity,  to  which  is  attached  a  second  piece  bifid  at  its  remote  end,  and 
designed  for  hooking  or  fixing  or  anchoring  the  body,  according  to  the  me- 
dium in  which  the  animal  may  be  moving.  A  ligament-like  membrane  ties 
on  one  side  this  articulated  piece  to  the  shaft.  It  is  not  impossible  that  this 
sort  of  joint  may  be  the  faint  foreshadowing  of  the  true  articulations  observed 
in  the  members  of  Insects  and  Crustacea.  The  anatomist  must  not,  how- 
ever, misinterpret  this  statement  In  the  Annelids,  as  already  stated,  there 
IS  no  true  articulated  member;  the  pieces  of  the  hard  parts  or  setae  are  neoer 
united  together  hyjoinit  properly  so  called.  The  setae,  being  in  all  oases 
composed  of  a  whalebone-like  substance,  renurkable  for  its  elasticity  and 
tenacity,  are  readily  modelled  into  innumerable  forms  without  the  neoessity 
of  actual  joints.  In  all  cases  the  amnecUd  portion  is  anUinuou*  in  sub- 
stance with  the  supporting  shaft.  In  some  cases  the  weak  point  of  union  is 
strengthened  by  a  ligamentous  membrane  (never  muscular),  which  is  really 
only  a  portion  of  the  setae  thinned  ofi*  into  a  membranous  form.  To  such  a 
mechanism  the  word  '  articulation,'  in  its  correct  anatomical  sense,  cannot 

Below  the  setiferous  foot  in  Lyddice  is  observed  two  foliaceous  blunt 
cirri,  useful  in  swimming  and  feeling.  The  author  has  discovered  two  or 
three  smaller  species  of  Lycidice^  in  which  the  feet  difier  from  the  former  in 
the  construction  of  the  soft  parts,  retaining  in  the  setae  the  same  type  of  for- 
mation, while  the  hooks  present  slight  variations. 

The  worm  described  by  Savigny  under  the  name  o£  Ayktum  fiUgidot  oS 
which  no  British  specimen  is  known  on  our  coast,  exhibits  the  same  type  as 
that  of  Lycidice  in  the  organization  of  the  appendages. 

(Enane  maciUaia  is  a  graceful  and  active  worm.  Its  feet  are  formed  at 
once  with  a  view  to  ready  and  vigorous  locomotion  through  loose  soil  or 
through  water.  Each  foot  is  composed  of  two  flat  fleshy  appendages,  of 
which  one  is  dedicated  to  respiration,  and  the  other  to  tactile  and  mechanical 
purposes.  The  setae,  which  are  placed  intermediately,  supported  on  a  pro- 
trusile  base,  consist  of  long  shafts,  the  ends  of  which  are  curved  upwards 
and  club^haped,  the  under  surface  being  deeply  notched  into  hooks  which 
recurve  (Ag.  34).  An  elastic  membrane  is  also  at  this  end  of  each  seta,  the 
object  of  which  seems  to  be  that  of  wiping  and .  cleansing  the  hooks  by 
passing  over  their  plane  surface.  This  worm  is  capable  of  creeping  ova-  a 
^nrlJ^n^L'^^  *  Very  rapid  pace.  Each  opposite  pair  of  feet  conaUtute 
iL  ?^P  1°^.*'°""**'*^'?''°^  "*  independent  mechanism  for  progres- 
sion! the  posterior  part  of  the  body  is  not  therefore  dngged  or  dSwn 
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forwards  by  the  anterior.  Each  ring  throughout  the  body  has  its  own  legs, 
which  move  with  perfect  independence.  Remarkably  long  and  gracefully 
slender,  then,  as  the  body  of  this  worm  may  be,  eii>ery  peart  advances  or  recedes 
at  one  and  the  same  time,  and  locomotion  is  active  and  vigorous.  Under 
such  a  complicated  repetition  of  oars,  hooks,  paddles  and  fins,  a  final  result, 
unerringly  harmonious,  is  obtained,  which  man's  ingenious  handiwork  would 
attempt  in  vain  to  imitate. 

The  Nemds  constitute  the  most  common  and  most  obtrusive  family  of 
sea-side  Annelids.  The  majority  of  the  species  inhabit  galleries,  detectable 
under  every  stone  between  tide-marks,  along  which  they  crawl  like  subter^ 
ranean  beasts  of  pr^.  They  are  by  no  means  inviting  to  the  eye,  either  by 
their  colour  or  conformation.  They  are  carnivorous  in  habits,  and  perpe* 
tually  on  the  watch  for  prey.  In  nearly  all  species  the  feet  are  constructed 
with  ezpi*e8s  reference  to  progression  on  solid  surfaces*  Among  the  Nereidi, 
in  the  classification  of  species,  it  is  very  important  in  determining  the  char 
meters  of  the  feet,  that  those  compared  in  difierent  individuals  should  be 
selected  as  nearly  as  possible  from  the  tame  region  of  the  body.  The  ce- 
phalic feet  in  one  should  be  compared  with  those  in  another  species  from  the 
same  division  of  the  body ;  those  from  mid-body  with  others  from  mid-body, 
and  those  near  the  tail  wiUi  others  from  the  same  part.  If  this  be  not  done, 
and  done  with  exact  and  minute  accuracy,  it  will  be  found  quite  impossible 
to  arrive  at  a  clear  knowledge  of  constant  and  invariable  anatomical  char 
raoters  for  the  definition  and  limitation  of  species.  In  all  Nfreids  the  feet 
are  biramous,  but  coalescent  at  the  base.  Every  foot,  in  every  species, 
coDsists  of  a  superior  and  an  inferior  cirrus,  three  papillsB,  generally  de- 
scribed as  branchial,  and  two  tubercles  armed  with  compound  bristles. 
The  superior  tubercles  are  alwa3rs  situated  between  the  dorsal  and  second 
papillse,  and  the  inferior  tubercle  between  this  and  the  ventral  papilhe.  In 
Nereis  nutrpaniacea  the  setsB  are  jointed,  the  articulated  piece  being  serru^ 
latedy  and  seeming  calculated  only  for  walking.  The  setse  of  the  superior 
feet  always,  in  the  Nereide^  differ  m  structure  fh>m  those  of  the  inferior  feet 
In  iV.  margaritacea  the  extreme  portion  is  sabre-shaped  and  fine-edged 
^fig.  SB\  In  jY.  renaUs  the  same  portion  presents  a  finely  toothed  edge 
(fig.  S6).  In  the  superior  foot  the  setSB  are  strong,  and  the  connected  piece 
is  shorty  strong,  curved,  and  always  serrated ;  while  those  of  the  inferior  are 
more  slender,  and  longer,  the  connected  piece  being  needle-shaped  and  pro* 
longed.  These  worms  are  endowed  with  no  mechanical  means  for  the  con- 
struction of  their  galleries,  unless  they  be  those  of  the  jaws  and  proboscis. 
The  feet  are  mainly  constituted  for  walking;  the  setaa,  if  destined  for  such 
work  at  all,  can  only  scrape  and  polbh  the  interior  of  the  gallery  when  tnade. 
Viewed  by  the  light  of  mechanical  principles,  nothing  can  be  so  obvious  as 
the  reaeen  why  the  setse  in  these  as  in  nearly  all  other  Annelida  arejoifUecU 
If  they  consisted  of  rigid,  unbending  levers,  it  is  manifest  that  they  would 
prove  most  awkward  additions  to  the  sides  of  the  animals ;  if  fixed  too  deeply 
in  the  surrounding  soil,  they  would  not  act  at  all  as  levers ;  if  too  super- 
ficiaily,  the  worm  would  be  compressed  in  its  tube  at  the  moment  when  the 
■etse  of  the  opposite  feet  would  meet  in  a  straight  line.  These  difficulties  are 
effectually  and  skilfully  obviated  by  the  introduction  of  a  joint  or  k  point  of 
maUom  on  each  seta.  This  is  one  instance  among  many,  which  the  eye  of 
the  mechanician  would  detect  in  the  organization  of  the  Annelida,  in  which 
nature  takes  adroit  advantage  of  mechanical  principles  in  the  attainment  of 
her  ends. 

The  PkyUadoeidiB  are  by  ccimmon  consent  the  most  ornamental  worms 
among  the  Nereida  (**  Virgines  pulcherrimas  inter  Nereides,"  Fab.).     They 
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owe  their  beaoty  of  form  to  a  series  of  compressed  foliiuseous  lamdte,  which 
attain  in  some  species  a  considerable  size,  and  which  in  all  elegantly  garnish 
ike  sides  of  the  body.  The  office  of  these  appendages  has  ahr^y  been 
described  as  that  of  '  breathing ; '  they  are  well  fitted,  howerer,  to  aid  in 
progression  through  water.  Following  the  motion  of  the  feet,  and  ci^ble 
of  being  partially  altered  from  a  horizontal  to  a  perpendicular  position^  they 
operate  as  a  brush  of  oars,  and  must  prove  especially  useful  when  the  worm 
glides  from  a  solid  surface,  and  finds  itself  unsustained  in  the  water.  Hence 
the  species  are  quick  and  lively,  and  swim  with  great  mechanical  facility. 
"  Currit  egregie ;  natare  etiam  valet  lamellis  suis  retroversis  oblique  sunum 
erectis,"  says  old  Fabricius  of  them  in  his  *  Fauna  Grcenlandica.'  The  occi- 
put and  snout  are  armed  and  ornamented  by  cylindrical  tentacles,  which  are 
the  modified  homologa  of  the  lamellae  of  the  feet  Observing  the  habits 
of  these  worms,  it  becomes  at  once  obvious  that  these  appendages  are  acute 
organs  of  touch. 

In  all  the  PkyUodoce  the  feet  are  uniramous.  There  is  only, one  seti- 
ferous  process,  and  this  is  capable  of  elongation  and  retraction  as  usuaL 
The  brush  of  bristles  is  always  situated  between  the  dorsal  lamella  and 
the  blunt  ventral  cirrus.  The  setas  are  jointed  in  all  species  (see  figsu 
37  and  38).  The  joint  is  apparently  constructed  on  the  ball-and-socket 
principle.  The  base  of  the  extreme  piece  is  enlarged  into  a  small  knoln 
while  the  end  of  the  shaft  is  hollowed  into  a  cavity,  into  which  the  former 
accurately  fits.  These  two  parts  are  really  tied  together  by  means  of  a 
ligamentous  membrane  extending  from  the  margins  of  the  acetabulum  round 
and  over  the  ball,  to  embrace  the  stem ;  and  yet  it  is  not  a  true  articula- 
tion ;  its  action  is  due  to  elasticity,  not  to  any  muscular  voluntary  agency* 
In  jP.  viridisy  one  admirably  adapted  for  walking  on  solid  surfaces,  the 
extreme  articulated  portion,  pointed  to  the  acuteness  of  a  needle,  is  first 
firmly  fixed  on  the  unhinged  surface:  the  other  now  lifts  the  body  of  the 
animal  forwards,  moving  upon  this  as  a  fulcral  pivot  In  an  undescribed 
species,  the  stem  of  the  seta  at  its  distal  end  and  on  the  under  side,  is 
«« roughened  "  with  strong  teeth,  for  pushing  purposes.  Other  minor  varie- 
ties in  the  stntdure  of  the  bristles  occur  in  other  species.  In  P.lamdUffera^ 
the  most  attractive  of  all,  a  second  foliaceous  lamella  is  superadded  to  the 
respiratory  one,  and  the  setiferous  process  is  ventralmost  in  situation.  The 
tail  in  the  Phylhdoce,  without  exception,  is  provided  with  two  flattened 
styles,  which  exceed  in  size  by  three  or  four  times  the  lateral  appendages, 
and  which  act  on  the  principles  of  the  caudal  fin  of  the  fish  in  sculling  and 
helming.  It  is  a  remarkable  fact,  proving  their  true  homology,  that  the 
styles  in  the  Annelids,  wherever  they  exist,  are  formed  on  the  model  of  the 
lateral  cirri.  When  these  last  are  blunt  and  clavate,  as  in  a  new  species 
which  the  author  has  lately  established,  the  former  are  blunt  and  davate 
accordingly ;  when  acute  and  flattened,  the  latter  are  so  also.  The  styles, 
however,  are  always  considerably  larger  in  dimensions  than  the  lateral  cirri. 
This  correspondence  of  plan  does  not,  indeed,  obtain  between  the  ierUaclet 
and  the  lateral  appendages.  The  former  are  nearly  round  and  tapering,  while 
the  latter  may  be  flat 

An  exception  to  this  rule  occurs  in  the  SyiiieUsj  in  which  the  two  orders 
of  appendages  present  the  same  character.  In  this  interesting  genus  the 
appendages  are  distinguished  for  their  extreme  length  and  slenderaess. 
The  feet  are  uniramous  or  undivided.  The  superior  cirrus  it  is,  which 
by  its  unusual  length  and  tasteful  figure  and  easy  movements,  procures  for 
these  little  Annelids  their  charm  for  the  eve.  Elongate  and  submotiilifonn 
throughout  their  entire  length  in  S.  armmaris,  S.  tnaculoM^  and  PsamaABf 
these  branehial  cirri  are  beaded  only  through  the  distal  half  of  their  lengUi. 
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The  question  of  bow  far  they  are  capable  of  fulfilling  a  respiratory  function 
was  formerly  considered.  That  they  are  of  great  use  in  locomotion  and 
sensation  admits  of  no  doubt.  The  inferior  cirrus  in  every  species  is  short  and 
uDJointed.  Between  these  cirri  is  placed  the  setiferous  process.  No  single 
anatomical  character  is  calculated  to  suggest  so  much  with  reference  to  tho 
habits  and  manners  of  the  AnnelidsB  as  that  derived  from  the  structure  of 
the  setae.  Moreover,  these  characters  are  subject  to  no  variation.  They  are 
in  the  Annelids  as  fixed  in  their  constancy  as  the  teeth  are  in  the  higher 
animals ;  they  form  a  magic  key  which  unlocks  the  hidden  secrets  of  the 
ceconomy  and  organization  of  these  worms.  In  ^S^.  armiUariSf  moving  over 
the  hard  surfaces  of  stones  and  shells,  the  setSB  are  furnished  only  with  a  fine 
shape-edged  penknife-like  articulated  piece,  well  adapted  to  fit  itself  into 
cracks  and  crevices,  while  the  extremity  of  the  supporting  shaft  is  pointed 
sharply,  with  an  obvious  view  to  catch  the  surface  against  which  it  is  applied 
during  progression.  Faithful  to  the  inviolable  law  of  ^*  appropriate  means 
to  intended  ends,"  it  may  be  remarked  that  in  kindred  species,  difiering  in 
scarcely  any  other  respect  than  that  of  its  habitat  from  the  former,  ingenious 
nature,  by  a  trifling  modification  in  the  figure  of  the  setae,  enables  tS,  pro* 
lyera  to  creep  with  ease  and  steadiness  over  the  smooth  and  slippery  surfaces 
of  the  glutinous  Algae.  This  object  it  accomplishes  in  the  most  artistic 
manner,  merely  by  curving  downwards  the  extreme  end  of  the  articulated 
portion  of  the  seta.  This  is  done  twice ;  so  that  each  piece  is  furnished 
with  two  minute  hooks  on  the  inferior  side,  by  which,  when  planted  into  the 
soft  v^etable  tissue,  the  worm  is  enabled  to  secure  itself  '  in  place '  with 
strength  and  certainty.  The  author  has  recently  discovered  that  in  two 
species  of  Jll^rtamc2ce  which  affect  similar  situations  in  Algae,  the  setae  exhibit 
a  structure  which  is  designed  to  secure  the  same  object,  which  are  no  less 
marvellously  adapted  to  the  exigences  of  the  case  than  the  feet  of  the  house* 
fly  or  those  of  the  Polar  Bear. 

In  Psamathe  fijuca  there  prevails  an  arrangement  of  the  setae  which  is 
the  exact  reverse  of  the  formation  just  described  in  the  former  species.  In 
this  Annelid,  which  also  lives  on  algae,  the  setae  are  constructed  for  pushing, 
and  not  for  pulling  and  fixing.  The  articulated  piece  is  serrated  in  the 
direction  of  its  point.  These'  teeth  are  well  appointed  for  catching  in  the 
soft  surface  while  they  are  being  protruded  from  their  sheath.  This  worm 
therefore  accomplishes  its  locomotion  by  pushing,  the  feet  being  directed 
backwards.  The  true  Syllida  walk  by  creeping,  pulling  themselves  for- 
wards, the  feet  being  first  thrown  in  advance  of  their  respective  rings. 

The  genus  Nerine  or  Spio  exemplifies,  in  the  disposition  and  actions  of  its 
tactile  and  motive  appendages,  the  principle  which  Paley  has  matchlessly 
expounded,  that  every  mechanical  perfection  realized  in  the  animal  organbm 
is  attained  in  strict  conformity  with  the  laws  of  physics,  illustrating  the 
subordination  of  the  principles  of  one  kingdom  of  creation  to  those  of  an- 
other. The  Nerine  move  with  remarkable  facility  through  sand  or  shingle. 
They  progress  in  water  slowly  and  awkwardly,  oscillating  from  side  to  side 
without  making  scarcely  any  advance.  This  is  the  necessary  result  of  a 
bodily  structure  suited  in  none  of  its  mechanical  appliances  for  progression 
-in  such  an  element.  In  loose  sand,  however,  *^  the  medium  "  in  which  they 
-are  designed  by  nature  to  revel,  they  display  the  most  vigorous  agility.  By 
means  of  their  pointed  snout  they  burrow  with  great  skill  and  effect,  carrying 
passively  at  the  sides  their  long  manual  appendages.  The  mecKanicfu 
-constituents  of  the  feet  are  peculiarly  adapted  to  aid  in  this  operation.  The 
^onal  foot,  situated  below  the  branchia,  is  composed  of  a  fan-shaped  cirrus, 
.the  plane  of  which  is  vertical,  that  is,  parallel  witli  a  line  carried  from  the 
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dorsal  to  the  ventral  median  line  round  the  body.  On  the  posterior  side 
this  cirrus  is  protected  and  strengthened  by  a  brush  of  strong  bristles,  which 
are  opened  into  a  fan-like  form  also,  fortifying  thus  the  fleshy  cirrus  ftam. 
one  edge  to  the  other,  and  rendering  an  injury  to  it  almost  impossible :  the 
ventral  foot  is  an  exact  repetition  of  the  former.  The  setse  present  a  very- 
apposite  figure  for  aiding  in  progression  (figs.  89  and  40).  During  the  oar- 
like  motion  of  the  foot  from  before  backwards,  the  setas  go  before  the  cirrus, 
protecting  it  thus  from  injury.  The  setae  resemble  the  common  oar  in 
figure,  diflering  from  this  instrument  only  in  having  on  either  side  of  the 
blade  a  membranous  process,  hooked  slightly  at  the  end  towards  the  middle 
piece  or  shaft  (fig.  39).  In  virtue  of  this  beautiful  formation,  the  resistance 
ofiered  by  the  litUe  oar  to  the  surrounding  element  is  so  perfectly  gHUiuated, 
that  it  slowly  passes  through  the  sand,  while  it  forms  the  fulcial  point  of 
motion ;  the  longer  setae  are  simply  blade-like  (fig.  39,  a).  The  foot,  in  bdng 
carried  forward  to  reperform  the  step,  revolves  slightly  on  its  axis,  and  thus 
feathers  the  setae,  a  manceuvre  by  which  resistance  to  progression  ia  very 
materially  diminished.  In  Neriney  the  tail  in  all  species  is  a  broad  seDEudr- 
cular  and  horizanialjin^  the  anus  being  situated  on  its  dorsal  side.  In  con* 
sequence  of  the  vertical  direction  of  the  plane  of  the  lateral  fleshy  app^i* 
dages,  on  that  very  account  well  qualified  for  aiding  in  progression  through 
loose  sand,  the  animal  is  scantily  and  imperfectly  provided  with  the  means 
of  supporting  itself  in  water ;  under  such  circumstances  the  tail  comes  in  as 
an  important  instrument  of  locomotion.  These  observations  are  applicable 
in  every  detail  to  the  case  of  the  larger  species  of  Nerine^  N.  eonioaphala* 
This  latter  species  difiers  from  the  former  only  in  the  structure  of  the 
branchiae ;  the  other  elements  of  the  appendages  are  identically  formed,  and 
the  tail  discovers  the  same  ingenious  construction.  The  author  has  added 
another  species  of  Nerine  to  those  described,  in  which  the  fleshy  cirri  are 
broader  and  larger,  and  better  adapted  for  swimming,  the  tail  having  the 
generic  typical  formation.  Thece  remains  one  remarkable  and  characteristic 
feature  of  structure,  with  reference  to  the  "  appendages  "  in  these  eccentric 
worms,  to  be  noticed.  All  the  species  of  this  genus  may  be  immedUatdy 
distinguished  from  all  other  Annelids  by  the  extraordinary  development 
which  occurs  in  the  occipital  tentacles.  From  the  dorsal  aspect  of  the  first 
or  occipital  annuluR,  two  long  tapeAike  appendages  arise*  In  N.  tmfyaris 
they  equal  in  length  one-third  of  the  body ;  in  N.  coniotxphala  they  are  not 
so  long,  but  stouter  and  stronger. 

In  ^e  new  species  to  which  allusion  has  now  been  made,  these  branchial 
appendages  extend  as  far  as  the  middle  point  of  the  body,  so  remarkable  are 
they  in  length.  The  branchial  appendages  are  true  prehensile  oi^;ans,  used 
almost  exclusively  in  the  search  for  food.  On  their  under  surface,  in  each 
species,  they  are  transverse^  roughened  with  angularly  raised  edges,  these 
again  being  armed  by  stifi^  gristly  spineiets,  a  provision  expressly  introduced 
for  scraping i  for  which  description  of  manual  labour  no  implement  yet  con* 
trived  by  the  cunning  of  man  can  be  better  adapted.  From  the  structure  of 
the  soil,  that  of  a  shelly  fragile  loose  sand,  in  which  the  lot  of  these  worms 
is  cast,  the  perfect  adaptation  of  these  instruments  to  the  end  to  be  accom* 
plished  may  be  readily  predicted.  Their  history  in  an  especial  manner  exem- 
plifies the  rule,  that  even  the  humblest  and  meanest  worm  finds  in  its  ap» 
pointed  habitat  the  conditions  of  prosperous  and  felicitous  existence* 

Glycera^  although  an  inhabitant  of  the  shingly  sand,  has  yet  received  a 
special  organization.  It  does  not  tunnel  the  soil  into  permanent  subterra- 
nean passages  like  the  Nereids ;  it  struggles  through  the  sand  by  the  batters 
ing-ram  operation  of  its  proboscuk    To  the  extremity  of  tiiis  vigoroos  otfgssi 

Digitized  by  VJH^I^V  IC 


ON  THB  BRITISH  ANNELIDA.  215 

ftrar  strong  teeth  are  affixed,  which  perform  the  business  of  bo  many  pickaxes, 
in  tearing  and  disintegratiog  the  soil.  This  worm  possesses  no  other  instru* 
Aient  for  pioneering  its  way  through  the  ground  than  the  proboscis ;  though 
a  part  of  the  alimentary  system,  it  has  therefore  been  cursorily  mentioned 
here.  The. antennas,  which  exist  in  Gfyeera  under  the  character  of  four 
minute  horns,  crowning  prettily  the  apex  of  the  conical  head,  are  exclusively 
organs  of  touch.  The  feet  are  prominent,  and  supported  on  a  long  muscular 
uniramous  base.  They  are  separated  from  each  other  by  an  appreciable 
interval.  The  branchia,  as  already  described,  is  dorsalmost  At  the  in* 
ferior  base  of  this  appendage  is  situated  the  setiferous  process  of  the  dorsal 
foot.  The  setaa  are  very  protrusile  and  jointed;  the  articulated  portion 
being  leng  and  extremely  finely  pointed  and  penknife-shaped.  In  the  centre 
of  the  setSB  is  observed  a  strong  rigid  spine,  which,  in  all  the  Annelids  in  which 
it  exists,  contributes  materially  to  the  mechanical  strength  of  the  foot  (fig.  41 ). 
Below  the  setiferous  process  is  found  a  conical  cirrus  of  a  length  equaling  the 
setas  in  their  retracted  position.  This  organ  can  be  of  little  service  in 
swimming ;  it  is  exclusively  tactile.  The  inferior  foot  is  an  exact  repetition 
of  the  superior,  wanting  the  branchial  process,  while  the  cirrus  is  larger  and 
flatter  than  the  corresponding  part  of  the  dorsal.  Two  strong  round  taper* 
ing  styles  are  superadded  to  the  tail,  which  materially  assist  the  worm  in 
its  progress  through  its  native  soil.  Actual  observation  of  its  habits  can 
scarcely  be  required  to  convince  the  intelligent  naturalist  that  Gfyeera  is 
almost  entirely  incapable  even  of  sustaining  itself  in  water.  In  this  element 
Its  movements  are  those  of  irregular  contortions  and  oscillations  from  side  to 
side,  convulsive  struggles  without  progress.  The  study  of  its  structure  suf- 
fices in  proof  of  the  inference  that  it  was  made  for  the  exact  place  in 
nature  in  which  it  is  found.  If  the  soil  is  too  hard,  its  straggles  to  move  are 
fruitless ;  if  too  dry,  it  is  paralysed ;  if  too  weiy  the  proboscis  is  rendered  use- 
less, and  it  shows  immediate  evidence  of  discomfort  Its  organization  fits  it 
only  for  a  soil  of  peculiar  consistence  and  structure ;  and  such  exactly  are 
the  circumstances  under  which  it  is  found.  The  above  considerations  have 
arisen  out  of  those  bearing  on  the  mechanism  of  the  appendages  in  thi» 
merry  and  beautiful  little  worm. 

Like  Gfyeera,  Nq^hthyt  is  a  frequenter  of  the  sandy  shore ;  it  selects 
spots,  however,  in  which  the  soil  is  quite  different  in  several  respects  from 
that  of  the  native  places  of  Gfyeera.  Nq>hihys'  lives  in  fine  sand  mturaied 
with  water.  It  advances  through  such  a  medium  with  a  swimming  motion. 
It  is  admirably  organized  for  prc^ression  in  water.  The  cirri  of  its  feet 
consist  of  large  fan*shaped  processes,  the  plane  of  which  is  vertical  and  suitably 
appointed  for  swimming.  The  setss  are  composed  of  two  distinct  layers,  of 
which  one  is  placed  anterior  and  the  other  on  the  posterior  surface  of  the 
cirral  lamina  (fig.  4>2).  The  brush  of  setae  on  both  sides  radiates  from  a 
common  centre  at  the  root  of  the  foot  The  posterior  setae  are  constructed 
on  the  exact  pattern  of  the  fiatiened  fibre  of  striped  muscle,  ending  in  a  fine 
point ;  they  are  strong  and  elastic.  Those  anterior  to  the  cirrus  are  much 
longer  than  the  former,  and  assume  the  shape  of  sharp-pointed,  finely  serrated, 
bi-edged  blades.  From  the  inferior  base  of  the  superior  foot  the  branchia 
depends ;  from  the  same  point  of  the  inferior,  a  conical  cirrus.  The  ventral 
foot  in  all  other  characters  is  a  precise  repetition  of  the  dorsal. 

Nephihys  is  distinguishable  from  all  other  Annelids  by  its  remarkable 
taiL  It  is  a  median  style,  extending  to  a  considerable  distance  backwards, 
like  the  occipital  ornament  in  the  head-dress  of  the  Chinese.  It  is  singularly 
flexible  and  mobile.  Its  use  can  scarcely  be  conceived,  unless  it  be  that  of 
defence  for  the  posterior  part  of  the  body  of  the  worm.    In  swimmingi  how* 
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ever,  it  becomes  a  steering  and  a  sculling-maohine.  Nq)htky$  progresses  in 
water  by  throwing  its  body  into  a  rapidly  succeeding  series  of  the  most  ele- 
gant undulations,  maintaining  at  the  same  time  a  steady  position  of  the  head» 
advancing  prettily  like  a  fairy-wave  through  the  fluid. 

The  Annelids  grouped  under  the  Cuvierian  genus  of  AriciacUB  are  little 
known.  In  the  systematic  portion  of  this  Report,  it  will  be  seen  that  the 
author  has  succeeded  in  multiplying  this  genus  by  the  addition  of  several 
undescribed  species.  The  body  of  Aricia  Cuvieri  is  distingubhed  into  two 
distinct  portions,  one  of  which,  the  cephalic  or  anterior,  is  characterized  by 
the  absence  of  branchiae,  the  presence  of  a  double  row  of  setiferous  processes 
on  either  of  the  dorsal  aspects  of  the  body,  and  of  short  conical  cirri  beneath 
each  ventral  foot.  This  segment  of  the  body  is  prominently  annulated,  and 
vigorously  muscular.  It  exceeds  in  diameter  very  much  the  posterior ;  it  is 
the  true  motive  apparatus  of  the  worm.  The  posterior  two-thirds  of  the 
body  is  apparently  motionless  and  lifeless,  and  scarcely  at  all  capable  of 
voluntary  motion.  To  this  region  the  branchial  organs  are  exclusively 
limited.  The  setae  of  the  inferior  feet  are  of  a  bright  mother-of-pearl  ap« 
pearance,  strong  (figs.  48,  44<),  short  and  curved ;  they  are  carved  on  one 
side  in  a  very  peculiar  manner.  This  sculptured  work  can  only  be  described 
as  resembling  scales  laid  transversely  one  over  another  imbricately,  each 
scale  being  strengthened  by  a  minute  '*  corpus  "  on  the  mid-point  of  its  free 
edge.  This  variety,  it  is  obvious  from  the  structure,  is  designed  for  pushing. 
The  setae  of  the  other  feet  are  flat,  blade-like,  and  unserrated  in  their  edges. 
The  brushes  of  setae  in  the  vicinity  of  the  head  are  sessile,  those  near  the 
feet  are  pedunculate.  Placed  on  the  dorsal  aspect  of  the  body,  the  ventral 
being  smooth,  it  is  easy  to  understand  the  manner  and  mechanism  of  loco- 
motion. The  soil  is  preparatorily  channelled  by  the  fore-part  of  the  body, 
expressly  constructed  for  such  description  of  work.  Through  the  gallery 
thus  formed  the  posterior  and  passive  moiety  of  the  worm  is  slowly  urged 
along  by  the  mechanical  operation  of  the  setiferous  feet,  which  are  dorsalfy 
placed  for  this  purpose.  In  this  memoir,  for  the  first  time,  several  new 
species  of  Aricia  will  be  described,  presenting  the  generic  characteristic  of 
closely  approximated  *  rings  '  at  the  oesophageal  portion  of  the  body.  Within 
the  limits  of  this  portion  each  segmental  ring  is  furnished  with  four  strong 
setiferous  feeU  the  posterior  part  of  the  body  being  intestiniform  and  desti* 
tute  of  branchiae.  In  another  species  the  posterior  four-fifths  of  the  body  is 
provided  with  ridges  armed  with  three  rows  of  stalked  hooks. 

The  appendages  in  the  OpheUada  assume  a  new  character;  they  are 
short  fleshy  threads  attached  to  either  side  of  the  body,  and  chiefly  to  the 
two  posterior  thirds.  Cirrhatulus  Lamarckii  is  the  culminating  perfection 
of  this  type  of  structure.  In  this  worm,  elegant  only  for  its  long,  wavy, 
bright  red  and  filiform  appendages,  the  setiferous  feet  are  thrown  into  abey- 
ance. Frequenting  concealed  passages,  under  stones  resting  almost  always 
on  a  clayey  soil,  the  presence  of  these  worms  can  only  be  discovered  by  ob- 
serving in  the  vacuity  the  tangled  webs  of  red  threads  which  seem  gifted 
with  the  power  of  independent  voluntary  motion ;  these  are  at  once  motive 
and  branchial  appendages.  This  worm  seems  to  enjoy  very  little  power  of 
locomotion.  It  rolls  and  coils  itself  in  a  self-emitted  slime,  if  withdrawn 
from  its  native  habitat.  It  is  furnished  on  the  under  surface  of  the  body 
with  two  rows  of  strong  curved  blunt  spines,  as  if  specifically  intended  for 
walking  or  creeping.  At  some  little  distance  on  the  side  of  the  same  seg- 
ment, is  observed  another  row  of  setae,  much  exceeding  the  former  in  length 
and  difiering  from  them  in  structure,  being  only  long,  slightly  curved  and 
flattened  hairs ;  they  are  well  calculated  to  aid  in  progression  by  pene* 
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tratiDg  the  adjacent  soil.  To  the  genus  Cirrhaiulus,  through  the  author's  re* 
searches,  several  new  species  have  lately  been  added.  Here  the  setae  assume 
the  shape  of  elastic  tcme^  ending  in  a  fine  point,  affecting  on  each  segment 
a  lateral  situation.    The  laterd  cirri  are  shorter  and  less  numerous. 

In  AphrodUa  aculeatay  it  is  not  difficult  to  discover  every  locomotive  ap- 
pliance required  to  move  with  facility  through  semi-fluid  sand.  The  feet 
form  thirty-two  pairs  in  number ;  the  anterior  and  posterior  are  minute,  but 
they  gradually  increase  in  size  towards  the  middle  of  the  body,  where  they 
attain  their  greatest  development.  They  are  of  two  kinds ;  the  squamiferous 
and  cirrigerous,  both  varieties  being  divisible  into  two  branches — a  ventral 
and  a  dorsal.  The  ventral  branch  or  proper  foot  forms  a  stout  rough  tuber- 
calated  conoid  process,  armed  with  a  stout  spine  protruded  from  the  pale 
papillary  apex,  and  with  four  or  five  fim)  bristles  proceeding  from  under  the 
apex,  and  partially  surrounding  the  spine.  The  spine  tapers  insensibly  to 
an  obtuse  point,  is  smooth  and  of  a  paJe  yellow  colour :  the  bristles  are  of  a 
rich  burnished  brown  colour,  with  a  round  shank  which  grows  a  little  thicker 
upwards,  and  is  terminated  with  a  curved  cutting  point,  like  a  pruning-knife : 
in  most  of  them  there  is  a  tooth-like  process  on  the  inner  side  beneath  this 
point.  The  cirrus  of  the  foot  does  not  reach  its  apex,  excepting  that  of  the 
first  pairs ;  it  is  fleshy,  setaceous,  and  of  a  pale  colour.  The  dorsal  branch 
of  all  the  feet  has  an  upward  direction,  and  cannot  be  used  as  an  organ  of 
progression  along  the  ground;  that  of  the  squamouB  feet  is  armed  with  two 
bundles  of  bristles,  arranged  in  a  fan-shaped  manner :  they  are  compara- 
tively shorty  curved  like  the  italic  letter/,  and  roughened  with  minute  gra- 
nulations on  the  upper  half;  the  bristles  of  the  other  brush,  placed  between 
the  dorsal  one  and  the  proper  foot,  are  remarkable  for  their  stoutness  and 
length ;  they  are  of  a  rich  dark  brown  colour,  straight,  and  terminated  with 
a  lanceolate  point,  which  is  notched  on  each  side  with  four  reverted  barbs ; 
so  that  the  bristle  resembles  the  barbed  arrow  or  spear  of  the  South  Sea 
Islander.  The  notches  are  not  opposite,  but  alternate,  and  they  are  enclosed 
within  a  plain  sheath,  consisting  of  two  dilated  valves  which  shut  upon  them. 
The  cirrigerous  foot  has  a  single  fan-shaped  brush  of  bristles  only;  the 
brbtles  are  simple  and  curved  like  those  of  the  dorsal  fascicles  of  the  squa- 
mous feet,  but  they  are  more  numerous,  slenderer,  longer,  of  a  paler  colour, 
and  quite  smooth ;  they  are  unequal  in  length,  some  of  them  very  fine  and 
hair-like,  and  the  whole  brush  is  usually  matted  and  soiled  with  extraneous 
matters.  This  worm  is  generally  an  occupant  of  deep  water.  It  crawls 
along  the  muddy  bottom  at  a  few  fathoms  below  the  surface.  In  motion  on 
a  hard  surface  its  feet  present  an  extremely  interesting  spectacle.  It  gives 
pleasure  to  watch  the  precision  with  which  they  are  unsheathed,  and  the 
regularity  and  order  with  which  each  foot  succeeds  another  in  the  slow  and 
snail-like  march. 

Pofynoe  are  always  found  on  the  under  surfaces  of  stones,  over  which  they 
are  capable  of  creeping  with  considerable  freedom.  Their  swimming  capa^ 
city  is  very  inferior — sinking  soon  to  the  bottom  to  crawl  along.  In  relation 
to  the  Pofynoe  generically  it  may  be  stated,  that  the  feet  are  bifid,  the  supe- 
rior branch  being  small  and  almost  confluent  with  the  inferior,  which  is 
greatly  developed ;  that  the  superior  cirri  are  long  and  the  inferior  short  and 
conical ;  that  the  bristles  of  the  superior  branch  are  short  and  always  slenderer 
than  those  of  the  inferior,  subulate  and  smooth  at  the  point,  or  like  the  infe- 
rior bristles,  somewhat  thickened  and  serrulate  along  the  edge.  The  spines 
present  no  peculiarity.  The  first  pair  of  feet  are  destitute  of  bristles,  but 
are  terminated  by  two  long  tentacular  cirri,  which  advance  on  each  side  of 
the  heiid  and  resemble  antennas ;  while  on  the  last  segment  we  find  filiform 
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appendages  formed  by  a  mutation  of  the  superior  oirri,  and  constituting  a 
general  terminal  style.  The  setss  are  serrulated  at  their  extremiUeSy  and 
formed  for  pushing  (figs.  45  and  46). 

The  AbranichMlU  Annelids,  although  destitute  of  outward  organs  of  respi- 
ration, are  not  all  unprovided  with  external  organs  of  locomotion.  The 
familiar  Lun^mcus  exemplifies  this  statement.  The  Earth-worm  in  its  move* 
ment  displays  great  force  of  muscle.  Its  integumentary  system  is  a  complex 
web  of  strong  circular  and  longitudinal  muscular  fascicles.  The  whole  force 
of  this  machinery  is  brought  to  bear  in  progression  on  the  stiff  advantageously 
curved  spines,  which  are  planted  in  form  of  feet,  in  a  double  row  on  either 
side,  on  the  ventral  aspect  of  each  segmental  annulus.  These  setae  present  the 
form  of  the  italic/  (fig.  47),  only  two  of  which  exist  in  each  foot.  To  the 
inserted  extremity  of  each  seta  an  appropriate  system  of  muscles  is  attached. 
To  the  free  end  minute  flexible  hairs  are  added,  the  office  of  which  is  evi* 
dently  to  prevent  the  gathering  of  dirt  and  earth  on  the  part*  These  seta 
will  actually  penetrate  a  deal  board ;  for  if  the  pa^  of  a  worm  on  the  fine- 
polbhed  surface  of  a  deal  board  be  examined  with  the  microscope  four 
series  of  minute  perforations  may  be  detected.  In  Lumbricus  these  setas 
begin  at  the  fourteenth  annulus  from  the  head.  In  the  act  of  burrowing 
into  a  fresh  surface,  as  when  the  worm,  irritated  by  the  observer,  strives  to 
return  to  the  earth,  the  foremost  feet  are  firmly  planted  in  the  ground,  the 
head  retracted,  and  then  thrust  forwards  with  extraordinary  force.  It  is 
manifest  from  the  mechanism  of  this  operation,  that  feet  placed  nearer  the 
head,  if  such  were  the  case,  would  rather  obstruct  than  aid  the  burrowing 
and  thrusting  power  of  this  part.  A  swollen  wave  of  contracted  rings  may 
be  seen  travelling  from  the  tail  towards  the  head  while  the  worm  is  thus 
engaged,  showing  the  intermittent  and  successive  manner  in  which  the 
**  labour  of  contraction  "  falls  on  every  segment  of  the  body.  While  running 
through  its  subterranean  vaults,  this  worm  continually  plunges  **  into  fresh 
fields  and  pastures  new,"  swallowing  almost  with  the  voracity  of  the  Aremeola 
the  very  substance  of  the  earth  which  gives  it  shelter. 

The  little  lively  Naidety  though  terricolous  in  habits  like  the  Earth«worm, 
are  very  dissimilar  in  organization.  Of  the  genus  Nats  there  are  several 
marine  and  terrestrial  and  freshwater  species.  In  all,  the  mechanical  de- 
ments of  the  feet  conform  to  a  common  type  of  structure.  A  strong  seta, 
forked  at  the  extremity  for  pushing  (figs.  48  and  49),  accompanied  by  one 
or  two  plain  hairs  much  longer  than  the  former,  composes  the  foot.  This  is 
only  a  provision  for  enabling  the  worm  to  run  up  and  down  its  sofl  tube> 
which  in  N.JilijbrmU  is  constructed  in  bottom-mud  of  freshwater  pools,  and 
in  the  marine  species  in  the  substance  of  the  hardest  calcareous  rocks.  In 
these  latter  Annelids,  as  will  be  afterwards  shown,  there  is  furnished  no 
special  boring  apparatus.  The  genus  Clymene  is  remarkable  for  the  cha* 
racter  of  its  tube.  The  worm,  in  the  instance  of  nearly  every  species,  con- 
structs a  tube  to  envelope  only  the  middle  of  the  body ;  the  head  and  the 
tail  projecting  beyond  its  limits.  The  worm,  however,  can  by  the  retractiou 
of  the  two  extremes  of  ito  body,  conceal  and  protect  itself  within  its  tube. 
These,  like  all  other  tubicolous  Annelids,  are  provided  with. special  mecha- 
nical organs  (hooks)  for  moving  up  and  down  its  cell.  In  this  genus  the 
hooks  are  supported  on  long  stalks,  and  placed  only  at  long  distances  on  the 
body.  Each  row  of  hooks  comprehends  hundreds  of  individual  hooks,  ao 
closely  packed  are  they  and  microscopically  minute. 

The  genera  Hirudo  and  Linus  are  wholly  destitute  of  external  appen** 
dages,  even  for  mechanical  purposes.  The  former  progress  on  the  rings 
immediately,  the  latter  by  the  undulatory  swelling  and  tightening  of  sue* 
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oesaive  portione  of  the  body.  In  all  Annelicb  the  sweUing  of  certain  por^ 
tiona  of  body  in  progression  is  accomplished  by  aid  of  ihe  fluids  of  the  inte- 
rior. This  is  driven  to  a  given  point  of  the  containing  cavity,  and  then 
momentarily  imprisoned  there  by  the  contraction  of  the  cireuiar  integument- 
ary muscles  in  front  of  it  and  behind  it.  Hereat,  for  a  moment,  the  body 
bnlg^  The  muscles  of  the  integument  are  then  excited  to  action,  and  the 
fluid  is  forcibly  compressed  forwards  or  backwards,  according  to  the  direc« 
tion  of  the  muscular  agency.  This  is  a  summary  exposition  of  the  mecha^ 
nicai  uses  of  the  chyUaqueous  fluids  of  the  peritoneal  cavity,  of  which  the 
vital  and  physiological  meaning  was  formerly  studied  in  extenso. 

Nearly  all  Annelids  are  struck  with  paralysb  when  this  fluid  is  made  to 
escape  from  its  cavity  by  a  puncture  through  the  external  walls.  The  power 
of  voluntary  motion  is  suspended.  The  bmly  of  the  worm  becomes  passive 
and  flaccid.  The  peritoneal  fluid  is  really  the  fulcrum  on  which  all  muscular 
action  is  based.  Without  it  the  worm  cannot  direct  the  contraction  of  its 
muscles  with  efficiency  and  precision.  But  its  mechanical  uses  are  not  ex- 
^usively  limited  to  the  aid  afforded  in  prc^ression.  It  prevents  mutual  and 
injurious  pressure  amid  the  internal  organs,  without  which  the  course  of  the 
blood  in  its  proper  vessels  is  arrested.  In  the  leech-tribe  it  is  the  fluid  which 
Is  contained  within  the  stomach  that  accomplishes  this  important  object. 
This  singular  anatomical  peculiarity  is  also  observed  in  the  Liniada.  Nothing 
in  the  history  of  the  Annelids  can  be  conceived  more  wonderful  than  the 
mechanically  perfect  and  facile  manner  in  which  Linus  hmgissimus^  a  worm 
of  many  yards  in  length,  performs  the  feat  of  locomotion,  and  that  too  over 
craggy  and  rugged  rocks.  Without  the  fluids  of  the  body,  its  motor  appa* 
ratus  would  be  incapable  of  efibrt 

AUmeniary  i^sfem.-— In  the  majority  of  Annelids  the  alimentary  system 
constitutes  a  cylindrical  tube,  which  bears  a  general  resemblance  of  outline 
to  the  integumentary,  this  latter  forming  with  respect  to  the  former  an  ex- 
terior concentric  or  embracing  cylinder.  As  formerly  explained,  these  two 
cylinders  are  in  no  instance  in  agglutinated  contact;  a  space  intervenes, 
varying  in  capacity  in  diflerent  species,  to  designate  which  the  term  <  peri- 
toneal '  or  <  splanchnic  *  may  be  used  with  perfect  anatomical  propiiety.  This 
space  is  occupied  by  a  v&al  or  organized  fluid,  charged  with  corpusdesi 
which  discover  under  the  microscope  characters  dbtinctive  of  species.  In- 
dependently of  its  physiological  uses,  this  fluid  enacts  mechanical  functions 
indispensable  to  the  well-being  of  the  animal.  On  it,  as  upon  a  pivot,  the 
vermicular  motions  of  the  intestinal  cylinder  are  performed.  In  locomotion 
the  shortening  and  lengthening  of  the  body  in  many  species  are  quite  extraor- 
dinary. The  alimentary  canid  participates  in  this  longitudinal  motion.  In 
the  small  species,  as  the  Natdes^  having  transparent  integuments,  the  longi- 
tudinal play  of  the  intestine,  running  as  it  were  backwards  and  forwards 
through  the  integumentary  cylinder  with  great  rapidity  and  precision,  may 
be  readily  observed.  This  motion,  more  or  less  appreciable,  occurs  even  in 
those  species  least  gifted  with  the  power  of  elongation.  The  septa  of  the 
segments  approximate  under  the  action  of  the  longitudinal  muscles,  and  the 
included  portion  of  the  intestine  is  shortened.  This  process,  multiplied  by 
the  number  of  segments  in  the  body,  will  give  a  considerable  resultant  of 
aggregate  longitudinal  motion. 

Although  as  a  whole  forming  a  cylinder,  in  no  instance  does  the  ali- 
mentary canal  present  the  figure  of  a  smooth^waUed  tube.  The  parietesare 
invariably  sacculated,  and  often  superficially  multiplied  in  the  most  elaborate 
manner.  In  the  lumbriciform  species  each  segment  of  the  body  has  its  own 
independent  stomach.   Those  of  contiguous  segments  communicate  through 
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an  opening  considerably  more  contracted  in  diameter  tban  that  portion  of 
the  intestine  from  which  it  leads.  Thus  the  intestine  of  the  Errant  Annelids 
especially,  may  be  aptly  compared  to  a  line  of  pears,  the  apex  of  each  suc- 
eessiye  pear  being  applied  to  the  base  of  its  predecessor  in  the  series.  If 
these  *  bases '  were  prolonged  on  each  side,  the  stomach  of  the  leech  would 
result;  if  compressed,  that  of  those  species  in  which  the  tube  is  nearly 
straight  The  membranous  bridles  tying  the  intestine  to  the  integument 
are  endowed  with  contractile  muscular  property,  minute  fascicles  of  muscu- 
lar fibre  being  detectable  amidst  the  elastic  fibres  which  form  the  bulk  of  the 
structure.  In  nearly  all  Annelids  the  alimentary  tube  is  provided  with  two 
distinct  orifices.  An  exception  to  this  rule  occurs  in  the  instance  of  the 
Planarian  family,  in  which  the  digestive  apparatus  is  constructed  on  the 
type  of  that  of  the  Eadiata.  There  exist  other  minor  families  of  Annelids 
in  which  the  terminal  outlet  of  the  alimentary  system  is  not  seated  at  the 
extreme  end  of  the  body,  but  at  st  point,  at  the  side,  more  or  less  removed 
backwards  from  the  head,  resembling  intimately  the  pattern  on  which  that 
of  the  SipuncuUdm  is  formed.  These  varieties  will  be  afterwards  studied  in 
detail. 

The  digestive  apparatus  of  the  Annelid,  considered  as  a  whole,  admits  of 
subdivision  essentially  only  into  two  portions,  distinct  alike  in  structure  and 
function.  The  first  would  comprehend  the  proboscis  and  cesophagus,  the 
second  the  glandular  portion  of  the  canal.  The  proboscis  is  no  other  than 
a  modification  of  the  oesophagus.  It  is  analogous  to  the  latter  in  structure 
and  uses.  It  is  not  always  a  merely  prehensile  instrument.  Its  parietes  are 
beset  in  many  species  with  glands  which  contribute  a  salivary  secretion. 
The  jaws  are  only  evolutions  of  the  epithelial  layer.  The  proboscis  is  to 
the  worm  what  the  whole  buccal  apparatus  is  to  the  mammal.  The  true 
cesdphagus  is  essentially  a  muscular  tube,  in  some  species  capable  of  ex« 
traordinary  elongation,  and  destined  only  to  convey  the  food  from  the  mouth 
to  the  glandular  segment  of  the  digestive  canal. 

On  the  parietes  of  the  glandular  or  intestinal  segment  only  one  class  of 
glands  is  distinguishable.  From  various  considerations,  it  cannot  be  doubted 
that  this  forms  the  true  biliary  system  of  the  Annelid.  These  glands,  viewed 
collectively,  constitute  a  layer,  more  or  less  thick,  almost  always  brilliantly 
yellow,  embracing,  like  a  membrane,  the  whole  cylinder  of  the  intestine.  A 
separate  glandule  consists  only  of  a  minute  bag,  communicating  by  a  separate 
opening  with  the  intestine,  and  filled  with  oil-molecules  of  a  bright  yellow 
colour.  These  glandules  become,  as  the  posterior  extremity  of  the  canal  is 
approached,  separated  from  each  other  by  a  more  and  more  sensible  interval* 
enabling  the  eye  to  resolve  them  into  their  true  elementary  structure.  Esti- 
mated then  by  the  evidence  derived  from  anatomy,  the  zoo*chemist  would 
recognise  only  two  classes  of  secretions  in  the  digestive  processes  of  the 
Annelid ;  first  the  salivary,  and  secondly  the  biliary.  It  is  not  without  strong 
reasons  that  the  inquiry  may  be  here  suggested,  whether  a  given  secretion, 
although  physiologically  identical  in  different  orders  of  animals,  is  on  thai 
account  chemically  identical.  A  secretion  may  be  entitled  to  be  called  *  hiky 
and  the  organ  secreting  it  may,  in  all  cases,  with  strict  anatomical  propriety, 
be  called  the  liver,  and  yet  the  secretion,  in  ultimate  analysis,  may  present 
the  most  striking  diversities.  According  to  the  most  recent  researches  of 
Strecker,  for  instance,  the  bile  of  different  animals  is  found  to  contain  dif- 
ferent proportions  of  alkaline  taurocholates  and  glycocholates.  In  the  bile 
of  fishes  the  resinoid  constituents  consist  almost  entirely  of  taurocholates, 
with  mere  traces  only  of  glycocholates.  In  the  bile  of  dogs  scarcely  any- 
thing but  taurocholate  of  soda  is  discovered ;  and  the  same  xemar]^  apj^es 
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to  the  bile  of  aerpenis.  The  observatiotis  of  Strecker  further  show,  that  in 
the  case  of  the  dog,  the  nature  of  the  food  exercises  no  influence  on  the 
composition  of  the  bile.  Sheep's  bile  contains  a  great  preponderance  of 
taurochohite  over  glycocholate  of  soda ;  while  the  bile  of  the  goose,  accord- 
ing to  Marson,  contains  scarcely  anything  but  taurocholic  acid. 

This  tendency  to  variation  occurs  even  in  the  colouring  elements  of  the 
bile.  The  characteristic  bile*pigment  is  present  in  all  classes  of  animals ;  in 
the  Camivora  and  Onmivora,  including  Man,  it  is  Irovan  in  colour — the  cho« 
lepyrrhinof  Berzelius;  while  in  Birds,  Fishes  and  Amphibia,  the  same  bile  is 
intensely  ^rten  in  colour— -the  biliverdin  of  the  chemist  The  cholepyrrhin  is 
always  combined  with  soda  or  lime ;  most  commonly  with  the  former.  These 
two  varieties  of  biliary  pigments  will  be  found  in  the  Annelids.  In  most 
animals,  the  bile  of  which  has  been  hitherto  examined,  the  taurocholate  of 
soda  is  the  principal  constituent. 

In  every  kind  of  bile  there  exist  invariablv  two  essential  constUuenis^  namely, 
the  resinoid  and  the  colouring  element ;  the  resinoid  constituent  is  the  soda- 
salt  of  one  of  the  conjugate  acids  (glycocholic  and  taurocholic),  having  either 
glycine  or  taurine  for  its  ac^unct.  Another  extraordinary  fact  very  recentlv 
established  by  Bensch,  and  confirmed  by  Strecker,  may  here  be  mentioned, 
to  illustrate  the  observation  that  the  same  jufwUon  may  be  discharged  in 
different  animals  by  a  secretion  which  exhibits  as  many  special  diversities  in 
composition  as  the  organ  by  which  it  is  formed  varies  morphologically. 
This  fact  is,  that  the  bile  of  salt-water  fishes  consists  almost  entirdy  of  potaah* 
salts,  while  that  of  the  herbivorous  mammalia  consists  almost  entirely  of 
soda-salts,  the  very  reverse  of  that  which  the  chemist  would  have  antici- 
pated. Thus,  then,  in  terms  in  common  use  in  physiology,  implying  an  es* 
sential  unity  of  idea,  particulars,  essentially  diverse,  are  utterly  lost.  In  the 
invertebrate  animals  fat-cells  constitute  the  chief  morphological  elements  of 
the  bile.  There  can  be  no  donbt  that  between  fat  and  bile,  in  the  lower 
invertebrata  especially,  there  obtains  an  intimate  relationship.  In  the  biliair 
glandules  of  the  Annelida,  Crustacea  and  Echinodermata,  all  that  is  visible 
consists  only  of  oil-cells.  Whatever  be  the  real  office  dischaiged  by  these 
oleaginous  principles,  observation,  chemical  and  microscopic,  proves  that  they 
exist  also  in  the  higher  animals.  The  proportion  of  fatty  matter  which  (for 
instance,  in  man)  is  contained  in  the  blood  of  the  portal  vein,  is  to  that  in 
the  blood  of  the  hepatic  vein  as  3*225  is  to  1*885.  It  is  supposed  by  Schmidt, 
that  the  oily  matter  brought  to  the  biliary  organ  by  the  blood,  resolves  itself 
into  sugar  and  water  on  the  one  hand,  and  into  cholic  acid  and  water  on  the 
other;  the  two  constituents  of  cholic  acid,  glycerine  and  oleic  acid,  with 
certain  proportions  of  oxygen,  being  equivalent  to  sugar  and  cholic  acid.  It 
may  be  at  present  affirmed  as  most  probable,  that  the  essential  agency  of  the 
ultimate  hepatic  cells  results  in  the  production  out  of  the  blood  of  sugar  and 
cholic  acid,  the  former  being  eliminated  by  the  hepatic  veins,  while  the  latter 
remains  in  the  secretion,  and  may  be  regarded  as  bearing  to  the  bile  the  same 
essential  relation  as  that  which  exists  l^tween  the  urea  and  the  urine.  It 
must  now  be  clear  that  the  action  of  the  bile  on  the  contents  of  the  aliments 
ary  tube  must  vary  with  the  differences  of  chemical  composition  exhibited 
by  this  secretion.  This  must  also  be  the  case  with  reference  to  other  organic 
secretions.  The  true  gastric  juice  of  the  Annelid,  however,  or  wherever 
secreted,  may,  for  example,  differ  in  many  striking  respects  from  that  of  man, 
and  yet  it  may  enact  a  part  in  the  process  of  digestion  essentially  correspond- 
ent to  that  of  which  the  human  stomach  (not  the  mouth)  is  the  scene.  There 
remains,  however,  another  general  proposition  with  reference  to  the  chemistry 
of  the  fluids  in  the  inferior  animals  which  should  be  enounced  with  precision 
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to  the  comparative  physiologist  The  processes  of  preparation  which  the 
food  is  required  to  undergo  in  its  transit  from  the  mouth  to  the  blood  maj 
not»  and  observation  proves  that  it  cannot  be,  divisible  into  the  salivarj, 
gastriC)  biliary  and  pancreatic  stages,  in  the  humble  invertebrate  organism 
as  in  the  higher  orders  of  vertebrated  animals.  The  function  of  one  secre- 
tion is  in  re»idity  merged  into,  and  confounded  with  that  of  another,  and  that 
in  a  manner  which  zoo-chemistry  cannot  yet  explain. 

In  the  higher  animals  all  proximate  organic  principles,  such  as  albumen, 
fibrine,  caseine  and  gelatine,  from  whatever  source  derived,  must  in  the  pre- 
paratory processes,  be  first  reduced  to  one  common  principle.  Accordingly, 
actual  observation  has  repeatedly  proved  that  the  organic  bases  of  chyme  and 
chyle  consist  of  a  soluble  variety  or  phase  of  albumen.  But  in  the  lower 
animal,  if  this  object  is  accomplished  at  all  in  the  digestive  stfsiem,  it  may  be 
realized  by  the  agency  of  some  other  products  than  phosphoric,  hydrochlo- 
ric or  lactic  acid  and  pepsin.  In  the  higher  animal  the  food  first  undei^goee 
the  influence  of  the  saliva,  an  alkaline  J^uid ;  then  tkai  of  the  gastric  juice, 
an  add  fluid ;  and  lastly,  that  of  the  biliary  and  pancreatic  secretions,  which 
are  alkaline  again.  In  the  Zoophytes  and  Medusat,  the  digestive  and  the 
blood-making  processes  are  conducted  in  one  and  the  same  system  of  ohao« 
nels.  How  striking  the  contrast  when  estimated  by  the  standard  of  what 
occurs  in  man !  The  parietes  of  these  channels  may  in  some  cases  be  or- 
ganized such  as  to  be  capable  of  furnishing  a  secretion  fitted  to  accom|Jish 
the  required  changes  in  the  vital  and  chemical  composition  of  the  contained 
fluid.  But  observation,  in  many  others,  places  beyond  doubt  the  fact  of  the 
absence  of  any  such  special  organization  in  these  parietes.  In  a  memoir 
recently  submitted  to  the  Royal  Society,  the  author  has  recorded  a  lai^e 
mass  of  carefully  collected  evidence  to  prove  that  in  invertebrated  animalsy 
the  circulating  or  nutrient  fluids  are  charged  in  great  profusion  with  highly 
organized  freely  floating  corpuscles;  and  that  upon  these  moving-cells,  and  not 
upon  any  parietal  system  of  glands,  the  function  devolves  of  elabaraiinff  ihe 
nutrient  fluid»--of  raising  them  from  a  lower  to  a  higher  grade  of  vitality. 

The  parietes  of  the  cavities  of  the  body  and  polypidom  in  Zoophytes  ex* 
hibit  no  glandular  formations.  The  corresponding  parts  in  the  Medusae  are 
little  less  specialized  in  structure.  And  this  is  also  the  case  with  the  Echi- 
nodermata.  In  the  Annelida,  as  already  observed,  the  anterior  half  of  the 
alimentary  canal  is  furnished  with  an  order  of  glands,  obviously  distinguish* 
able  from  that  prevailing  over  the  posterior  moiety.  The  Crustaoea  present 
a  still  further  specialization  of  the  glandular  systems  engaged  in  the  elements 
ary  functions.  Now,  if  in  these  several  cases  the  digestive  agency  consist 
essentially  of  a  process  by  which  heteromorphous  principles  are  reduced  to 
one  common  principle,  this  object  must  be  accomplished  with  a  facility  pro- 
portionate to  the  simplicity  of  the  animal's  structure  and  its  degradation  in 
the  zoological  scale :  the  chemistry  of  the  humblest  being  becomes  thus  more 
wonderful,  because  more  vigorous,  than  that  of  the  highest  animal.  Thb 
reasoning  must  be  necessarily  conjectural  until  facts  whereon  to  rest  it  are 
collected,  to  prove  in  what  and  how  many  respects  the  ultimate  product  of 
the  digestive  chemistry,  the  finished  blood,  diflers  in  different  animals.  In 
the  memoir  quoted,  the  attempt  has  been  made  to  demonstrate  that  in  Zoo* 
phytes,  Medusae,  Echinodermata,  and  the  Annelida,  sea-water  is  admitted 
through  the  digestive  organs  directly  into  the  midst  of  the  nutritive  fluids  ; 
that  the  latter  possess  therefore  a  power  of  asstmUaiingy  vitalizing,  this  ez« 
traneous  substance  with  a  facility  quite  unknown  in  the  higher  animal. 

It  has  never  yet  occurred  to  the  physiologist  to  consider  that  a  '*  simpli* 
dty "  in  the  architecture  of  the  soade  of  the  animal  body  must  involve  a 
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corrdatiTe  *^  simplieity  *'  in  the  composition  of  ihe/hUds.  If  the  solids  are 
reduced  in  their  standard  of  organization,  it  follows  that  the  fluids  are  re* 
quired  to  be  less  elaborately  prepared,  in  order  to  supply  these  solids  with 
toe  materiaJs  of  increase  and  renewal.  If  the  solids  of  the  Zoophyte  or 
Medusa  were  complexly  structured  like  those  of  the  human  body,  the  fluids 
of  the  Zoophyte,  in  obedience  to  the  law  of  correlation  now  expounded, 
would  present  the  same  highly-wrought  composition  as  those  of  the  human 
body.  The  position  then  may  be  defined  as  involving  a  physiological  law, 
that  the  processes  of  nutrition  are  simple  in  proportion  as  the  animal  is  low 
in  rank  in  the  zoological  scale ;  in  other  words,  the  fluids  and  solids  are  less 
and  less  removed  from  the  standard  of  lifeless,  inorganic  matter^  as  the  ani* 
mal  nears  more  and  more  the  primordial  link  in  the  zoological  chain. 

These  general  observations  will  tend  to  remove  the  mystery  of  the  absence 
m  inferior  organisms  of  systems  of  solid  parts  on  which,  in  the  higher,  the 
most  important  functions  devolve.  They  will  also  explain  why  it  is  that  the 
digestive  and  circulating  systems  are  fused  into  and  confounded  in  one 
common  order  of  channels;  that  special  organs  answering  to  the  renal,  of  the 
vertebrated  animal,  do  not  exist  It  is  probable,  from  the  very  chemical 
nature  of  the  inferiorly  organized  fluids  of  the  lower  grades  in  the  inverte- 
brate  series,  that  there  may  exist  in  these  fluids  no  urea  to  be  removed ;  a 
renal  apparatus  would  therefore  prove  superfluous  and  unnecessary.  A 
i^Kurate  order  of  gastric  glands,  supplying  an  acid  fluid,  may  not  exist  in 
the  Annelida,  because  that  description  of  change  whicfar  such  a  product  is 
fitted  to  impress  on  the  food,  may  not  be  required  in  order  to  its  conversion 
into  (Aar  blood*. 

This  subject  deserves  the  deepest  study  of  the  physiologist    It  is  obviously 

pregnant  oF  valuable  results.     The  real  question  is,  whether  the  Buneorffon, 

homol<^ously,  in  the  animal  series  produces  the  same  secretion  cAsmtoa%, 

oapable  of  doing  the  same  work  and  no  other ;  for  if,  for  example,  the  bile 

of  the  Annelid  does  the  work,  not  only  of  bile,  but  also  of  gastric  juice,  then 

it  follows,  that,  although  the  gland  producing  this  fluid  in  the  Annelid  mtiy 

be  homologous  with  the  liver  of  the  higher  animals,  the  secretion  furnished 

hy  that  gland  is  not  the  correlate  of  that  afforded  by  the  liver  of  the  higher 

animals.  Within  the  province  of  human  physiological  anatomy,  it  may  indeed 

be  argued,  that  although  it  may  be  proved  by  dissection  that  the  group  of 

lalivary  glands  constitute  truly  one  homogeneous  apparatus,  the  parts  of 

which  bear  by  their  texture  a  perfect  analogy  to  each  other,  yet  that  jv^no* 

bgioal  analysis  and  chemical  experiments,  on  the  contrary^  by  pointing  out 

the  diversity  of  the  secreted  fluids,  and  by  causing  the  observer  to  notice  the 

nervous  force  which  regulates  the  secretions,  teach  us  that  each  gland  pre- 

Bides  over  one  special  act,  and  that,  although  the  simciurs  may  be  the  same, 

the  functions  are  performed  under  the  agency  of  distinct  and  independent 

influences.   It  cannot,  for  instance,  at  present  be  disputed,  that  although  the 

different  kinds  of  saliva  are  poured  into  the  mouth  simultaneously,  their  use 

remains  nevertheless  distinct;  and  experience  proves  that  the  principal 

lanction  of  the  parotid  gland  is  to  secrete  a  fluid  which  is  to  favour  masti- 

cation,  that  of  the  sob-maxillary  gland  for  gustation,  and  of  the  sub-lingual 

gland  and  buccal  follicles  for  deglutition.    It  is  only  by  the  assistance  of 

these  phy8iol<^ical  data  that  the  modifications  which  the  salivary  organs 

undergo  in  the  different  classes  of  vertebrated  animals  can  be  studied  and 

midentood  according  to  their  true  meaning.    The  characters  of  salivary 

^ds  are  not  to  be  deduced  from  their  anatomical  structure,  their  volume 

*  M.  Bernard  has  recently,  I  find,  read  a  paper  before  the  Academy  of  Sciences  of  Paris, 
Mthainrypointa  to  which  attention  is  drawn  in  the  text 
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or  fomit  bat  from  the  naiure  of  the  fanctions  to  which  they  are  sabservient. 
It  would  therefore  prove  a  physiological  error,  sach  as  has  been  committed 
by  J.  F.  Meckel,  to  look  for  parotid  and  sub-maxillary  glands  in  birds,  as  those 
organs  cannot  exist ;  since  the  two  corresponding  functions,  mastication  and 
gustation,  are  generally  wanting  in  this  class  of  animals.  It  is  thus  clear  that 
the  useof  all  the  salivary  glandswhich  arefound  in  birds,should  be  looked  upon 
as  ministering  to  the  only  function  which  with  them  accompanies  the  inges- 
tion of  food,  viz.  deglutition.  The  thick  and  viscous  fluid  which  is  secreted 
by  the  glands  of  birds  has  nothing  in  common  with  the  saliva  of  the  parotid 
and  sub-maxillary  glands,  and  is  perfectly  analogous  to  the  fluid  secreted  by 
the  sub-lingual  gland  and  buccal  follicles  of  the  Mammalia.  The  parotid  is 
found  in  its  greatest  degree  of  development  in  such  of  the  Mammalia  as  ha- 
bitually chew  dry  and  hard  substances,  whilst  it  becomes  atrophied  in  those 
which  live  in  water  and  feed  upon  moist  food,  though  the  salivary  glands 
preserve  their  normal  development  with  inference  to  the  functions  with  which 
they  are  connected. 

The  preceding  principles,  drawn  from  considerations  resting  on  the  evi- 
dence of  general  physiology,  will,  it  is  hoped,  prove  of  service  in  elucidating 
some  of  the  difficult  questions  which  will  arise  in  the  attempt  to  resolve  the 
true  meaning  of  the  gland  structures  engaged  in  the  alimentary  system  of  the 
Annelida. 

This  class  of  animals,  like  all  others,  is  distinguishable  into  those  families 
which  subsist  on  animal  food,  and  into  those  which  are  phytophagous ;  in  ad- 
dition to  which  a  smaller  group  may  be  recognised,  whose  food  is  the  fluid 
medium  in  which  they  live,  extracting  from  it  when  swallowed  all  that  it 
may  contain  of  matter  suitable  to  their  wants.  The  researches  of  modem 
naturalists  with  reference  to  the  MoUusca,  have  shown  that  all  the  species  of 
the  same  genus  do  not  always  inhabit  the  same  kind  of  situation ;  for  in 
many  instances  some  are  found  on  land,  some  on  fresh  water,  and  others  in 
salt.  These  researches  would  throw  little  light  on  the  habitats  of  the  Anne- 
lida, since  of  them  it  may  be  stated  at  once  that  more,  than  four-fifths  of  the 
whole  class  are  inhabitants  of  the  sea  and  the  sea-shore. 

The  genus  Nais  is  represented  on  land  and  freshwater  by  one  species, 
the  genus  LumMcuSf  by  the  familiar  Earth-worm ;  while  the  genera  Hintdoj 
HamopiSf  NepheliSf  (Aepsina,  Gordius  and  Pkmaria  are  almost  entirely 
land  and  freshwater  in  their  habitats.  With  these  exceptions  it  may  be 
stated  of  the  Annelida  as  a  class,  that  it  is  exclusively  marine.  The  marine 
Annelida  are  again  subdivisible  into  the  carnivorous  and  herbivorous  groups ; 
and  these  again  into  minor  groups,  according  to  the  varieties  of  these  two 
descriptions  of  food  for  which  they  exhibit  an  instinctive  preference.  Of  the 
phytophagous  species,  many  affect  particular  families  of  Alga,  near  high- 
water  mark  ;  others  those  restricted  to  the  ebb-line  of  the  tide.  The  car- 
nivorous species,  as  regards  their  mode  of  obtaining  food,  exhibit  still  more 
numerous  varieties.  These  may  always  be  distinguished  by  the  conformation 
of  the  proboscis  and  of  the  alimentary  canal.  In  few  cases  is  it  possible  to 
infer  the  nature  of  the  food  of  any  given  worm,  merely  by  the  inspection  of 
the  contents  of  the  intestinal  canal ;  it  is  more  practicable  to  predicate  the 
habits  of  an  Annelid  by  the  general  structure  of  its  digestive  system  in  which 
the  proboscis,  when  present,  is  included. 

**  The  disposition  of  the  alimentary  canal,"  says  Cuvier,  "  determines,  in  a 
manner  perfectiy  absolute,  the  kind  of  food  by  which  the  animal  is  nourished ; 
but  if  the  animal  did  not  possess,  in  its  senses  and  organs  of  motion,  the 
means  of  distinguishing  the  kinds  of  aliment  suited  to  its  nature,  it  is  obvious 
it  could  not  exist"— -Cuvier>  Comp.  Anai,  vol.  i.  p.  55.  Trans*    It  will  be 
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&0oeMary  therefore  to  resort  to  the  general  principles  of  the  science  of  Com- 
psrative  Anatomy,  while  elucidating  the  uses  of  these  divisions  of  the  di- 
gestive system  in  the  Annelida  which  dissection  dbcloses.  The  extenuii 
organs  (tentacles)  appended  to  the  head,  have  already  been  shown  to  be 
used  by  some  species  in  the  prehension  of  food.  In  others  they  subserve 
only  the  purposes  of  touch  and  general  protection  to  the  head. 

The  proboscis,  though  used  ako  for  the  seizure  of  the  food,  bears  not  to 
the  tentacles  the  remotest  anatomical  analogy.  It  is  now  proposed  to  enter 
at  length  upon  the  consideration  of  the  conformation,  anatomical  structure 
and  physiological  meaning  of  the  numerous  varieties  traceable  in  the  oi^ns 
devoted  to  the  processes  of  digestion  and  assimilation  in  this  class  of 
animals. 

The  genera  Serptda^  SabeUa  and  Amphiiritee,  are  distinguished  by  the 
fact,  that  they  subsist  on  fluid  food ;  if  not  absolutely  so,  on  those  minute 
particles  of  organic  matter  which  perchance  may  float  on  the  surrounding 
water.  This  water  is  directed  in  a  perpetual  stream  towards  the  mouth,  by 
means  of  the  vibratile  cilia  with  which  in  part  for  this  purpose  the  branchiae 
are  provided.  The  current  thus  dashed  against  the  mouth  is  swallowed,  and 
the  suspended  particles  of  food  arrested  in  the  digestive  organs,  while  the 
water,  which  was  used  only  as  a  mechanical  vehicle  for  the  conveyance  of 
the  food  into  the  interior  of  the  body,  is  rapidly  carried  along  the  intestinal 
canal,  and  ejected  through  the  extreme  outlet  of  the  body,  situated  at  the 
bottom  of  the  tube,  in  streams  sustained  in  rapid  motion  by  the  ceaseless 
vibration  of  definitely  disposed  cilia.  This  water  current,  traversing  in  the 
manner  indicated  the  whole  interior  length  of  the  body,  constitutes  '  a  fact ' 
of  great  consequence  in  the  ceconomy  of  these  tubicolous  Annelids.  It  is 
through  its  agency  that  the  feculent  refuse  is  projected  from  the  bottom  to  the 
upper  orifice  of  the  tube,  and  that  the  habitation  of  the  worm  is  maintained 
in  a  state  of  never-varying  cleanliness  and  purity.  The  rectum  or  tail  extre- 
mity of  the  intestine  in  these  genera  is  lined  intemalfyy  and  to  some  distance 
inwards  from  the  anus,  with  large  and  vigorous  cilia,  which  at  this  situation 
reinforce  the  current  descending  along  the  intestine  and  drive  it  outwards 
with  great  force. 

In  the  Serpuksy  the  pharynx  and  cesophagus  extend  from  the  oral  orifice 
to  the  termination  of  what  may  be  called  the  thoracic  segment  of  the  body ; 
whereat  is  situated  a  crop-like  dilatation  of  the  canaL  The  pharynx  and 
cesophagus  are  beset  on  their  internal  surface  with  numerous  minute  follicles, 
which  contribute  a  secretion  having  some  digestive  property.  The  walls  of 
this  segment  are  delicate  and  membranous.  At  the  '  crop/  however,  the 
parietes  present  increased  density,  having  become  more  strongly  muscular. 
The  uses  of  this  portion  of  the  canal  are  manifestly  those  of  crushing  minute 
fragments  of  stones,  sand-particles,  &c.  which  may  be  swallowed ;  that  this 
description  is  swallowed  by  the  SerpvJUB^  may  be  proved  conclusively  by  the 
observation  of  the  sandy  and  earthy  contents  of  the  intestine  posterior  to  the 
crop.  Like  the  corresponding  structure  in  graminivorous  birds,  it  is  in  these 
worms  a  crushing  and  grinding  engine.  It  is  curious,  however,  to  remark, 
that  it  does  not  exist  in  some  few  species  of  ScMJUb^  so  nearlv  akin  in  organ- 
ization to  the  SerpultB^  it  is  present  in  AmphMJta  alveouUa  (Plate  XI. 
fig.  50  a),  absoit  in  Sabella  chhrema,  absent  ako  in  S,  vesiculosa.  The  pre- 
sence of  this  dilatation  of  the  canal  is  ordinarily  indicated  externally  by  a 
hdffe  of  the  body.  From  the  annulus,  coinciding  in  situation  with  the  crop, 
the  true  intestine  begins  (fig.  60  b) ;  this  portion  of  the  alimentary  tract  in 
nearly  all  Annelids,  is  characterized  by  a  bright  yellow- coloured,  streaked 
by  a  rich  network  of  strikingly  red  blood-vessels,  composing  a  surface  of 
1851.  Q 
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great  beauty.  At  this  point  the  true  biliary  apparatus  begins ;  it  is  the  louroe 
and  cause  of  the  yellow  colour.  The  ultimate  glandular  cells  of  the  liver  are 
disposed  in  minute  groups,  square  or  round,  or  oblong,  according  to  the 
figure  of  the  space  enclosed  by  the  ultimate  capillaries  of  the  vascular  meah. 
No  part  of  the  structure  of  the  Annelid  is  so  profusely  supplied  with  blood 
as  the  parietes  of  the  biliary  segment  of  the  intestine.  There  are  here  d^ 
tectable  in  all  species  elaborate  reticulations,  while  a  blood-vessel  can  only 
with  difficulty  be  observed  in  other  parts  of  the  body.  The  group  of  oil-celb 
contained  in  a  separate  involucrum,  just  large  enough  to  occupy  a  me$k  of 
this  rete  mirabik^  constitute  the  liver  in  real  fact.  This  little  group  of  oleoua 
molecules,  floating  in  a  semi-fluid  substance  of  a  brilliantly  yellow  colour, 
represent  the  real  elements  of  the  biliary  organ.  In  no  instance,  in  any 
species,  is  any  departure  from  this  type  of  structure  exhibited ;  the  liver, 
therefore,  in  these  animals  is  difiused  under  the  character  of  a  bright  yellow 
flocculent  stratum,  over  nearly  the  whole  extent  of  the  alimentary  canal.  It 
is  most  developed  near  the  mid-body,  the  elementary  glandules  becoming 
gradually  more  distinct  and  reinoved  from  each  other  in  proportion  as  the  tail 
is  approached.  In  the  SerpuUdmj  SabelkB^  and  AmphUriUB,  the  rectal  por- 
tion of  the  intestine  dilates,  becomes  greater  in  diameter,  and  the  orifice  itself 
is  a  capacious  opening.  It  is  not  difficult,  in  this  provision,  to  perceive  the 
manifest  indications  of  design ;  by  it  every  obstacle  to  the  free  escape  of  the 
contents  of  the  intestine  is  removed  ;  no  impediment,  such  as  that  would  be 
if  the  orifice  were  guarded  by  a  sphincter  muscle,  is  offered  to  the  action  of 
the  cilia,  upon  the  efficient  operation  of  which  the  welUbeing  of  the  little 
cell-prisoner  so  completely  depends. 

The  intestinal  system  of  the  Tertbelia  (fig.  51)  differs  in  several  material 
respects  from  that  of  the  Serpttke  and  SabelUs.  The  oesophagus,  a  strong 
muscular  tube,  in  this  genus  is  remarkably  long ;  it  is  not  however  in  the 
least  degree  protrusile.  These  worms  are  distinguished  for  the  strength  and 
muscularity  of  the  lips,  which  are  superiorly  and  inferiorly  placed  with  re- 
ference to  the  mouth.  These  appendages  to  the  mouth  are  well-adapted  in 
a  mechanical  sense  for  swallowing  mud,  soft  earth,  clay,  and  dirty  water. 
During  their  slow,  awkward  and  tedious  locomotion,  the  Tertbelloe  carry  the 
mouth  close  to  the  ground,  the  lips  being  actively  at  work  in  turning  up 
the  soft  soil.  The  posterior  half  (fig.  51  a)  of  the  oesophageal  tube  is  em- 
braoed  by  a  bright  yellow  glandular  mass,  differing  from  the  ordinary  biliary 
layer  in  being  composed  of  larger,  more  prominent,  lobulated  masses.  It  is 
quite  indisputable,  both  from  its  structure  and  situation,  that  this  is  a  tme 
glandular  structure,  and  that  it  supplies  a  secreted  product  tributary  to  di- 
gestion. From  this  structure  the  lesson  may  be  drawn,  that  the  comparative 
physiologist  should  not  feel  too  confident  in  assigning  a  hiUary  function  to 
any  structure  in  the  inferior  animals  merely  because  it  possesses  a  yellow  co- 
hur.  Other  glandular  structures  generate  the  yellow  pigment,  while  in- 
stances might  be  multiplied  in  considerable  number,  in  which  true  biliarr 
organs  are  not  distinguished  by  a  yellow  colour,  but  by  a  green,  or  dan 
brown.  In  the  progress  of  our  studies  in  the  Annelidan  class  of  Inverte- 
brate, the  varieties  mentioned  in  the  mere  eolaur  of  the  liver  will  soon  fall 
under  description.  From  its  position  around  the  posterior  end  of  the  oeao* 
phagus,  the  glandular  organ  in  the  TertbeUm  supplies  probably  a  fluid  bear- 
ing some  analogy  to  eaUva,  and  yet  it  is  far  too  elaborate  a  structure  to  be 
dedicated  exclusively  to  a  mere  salivary  function.  Here  again  is  an  illus- 
tration of  the  difficulty  of  determining  the  strict  meaning  of  an  organ  on  the 
mere  ground  of  a  similarity  in  anatomical  relations ;  no  less  fallacious  is  that 
resUng  on  analogy  of  ultimate  structure.  These  physiological  difficulties  are 
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not  encountered  in  the  anatomy  of  the  higher  and  more  tpecialized  or« 
gimums ;  but  in  inferior  forms,  fusions  of  organs  and  substitutions  of  func- 
tions are  frequent  in  their  occurrence. 

In  the  TerebelkBy  the  cesophagus  is  succeeded  by  a  segment  of  the  canal, 
distinguished  by  the  absence  of  the  yellow  colour.  It  presents  the  charae* 
teristics  of  an  elongated  gizzard  (fig.  51  b)  ;  the  parietes  of  this  portion  are 
muscular  and  dense,  and  little  vascular.  It  is  generally  found  on  examina- 
tion to  be  devoid  of  contents ;  the  alimentary  substance  does  not  stop  or 
lodge  in  it  This  gizzard-like  portion  is  followed  by  the  true  biliary  in- 
testine, divided  by  constrictions  into  annular  segments,  equalling  those  of  the 
integument  in  number,  although  not  similar  in  character.  In  intimate  struc- 
ture this  portion  answers  with  exactness  to  the  Annelldan  type.  The  bile- 
gland  consists  essentially  of  minute  lobuli  of  oleous  molecules  (fig.  51  c),  en- 
veloped in  a  common  capsule,  surrounded  by  a  blood-vessel,  and  opening  into 
the  intestine  by  a  common  orifice.  It  is  remarkable  that  in  these  animak 
there  should  exist  such  a  monopoly  of  blood  in  the  biliary  apparatus,  while 
so  little  blood-proper  is  observed  in  the  body  as  a  whole.  From  thb  circum- 
stance it  may  be  reasonably  argued  that  the  bile  in  these  inferior  forms  of 
organization  unites  in  itself  some  other  function  in  the  work  of  primary 
assimilation  than  that  limitedly  defined  office  which  is  discharged  by  the  bile 
of  the  higher  animal.  The  biliary  glandular  layer  of  the  intestine  becomes 
thinner  and  thinner  as  the  posterior  termination  is  approximated ;  and  the 
contents  acquire  more  and  more  the  excrementitious  character.  The  rectum, 
as  in  the  Terdmila,  expands,  and  ends  in  a  large  anal  outlet ;  the  interior  of 
this  part  of  the  intestine  exhibiting,  as  in  kindred  genera,  a  rich  lining  of 
Tibratile  cilia. 

Arenioola  Piscatorwn  lives  almost  exclusively  on  sand.  The  '  coils '  ob- 
served on  soft  sandy  shores,  supported  always  by  a  substratum  of  clay,  are 
caused  by  these  familiar  Mugs.'  The  sand  is  swallowed  as  the  animal 
advances  through  the  soil,  traversing  the  whole  extent  of  the  body ;  and 
yielding  up  for  the  purposes  of  digestion  what  it  happens  to  contain  of 
organic  matter,  it  is  finally  rejected  under  the  form  of  sand-coils,  remarked 
so  commonly  on  the  sea-shore.  Arenieola  is  capable  of  exserting  the  pha- 
ryngeal membrane  to  some  distance  beyond  the  extremity  of  the  head 
(fig.  52  a).  When  thus  protruded  it  answers  all  the  mechanical  purposes  of 
a  proboscis,  although  devoid  of  hard  parts,  or  jaws.  The  mucous  surface, 
both  of  this  part  and  of  the  oesophagus  to  some  distance  inwards,  is  thickly 
beset  with  minute  glandules  projecting  in  relief  above  the  surface.  They 
contribute  the  first  organic  fiuid  to  the  action  of  which  the  food  is  sub- 
mitted. Deglutition  is  impracticable  in  this  worm,  unless  the  sand  be  almost 
saturated  with  water ;  dry  sand  cannot  be  swallowed,  and  if  too  wet,  it  is  not 
well  grasped  by  the  proboscis. 

The  oesophagus  (fig.  52  b)  is  a  strongly  muscular  tube,  surrounded  by  a 
firame-work  of  four  longitudinal  vessels,  with  detached  smaller  branches  for 
the  nutrition  of  this  segment  of  the  canal ;  compared,  however,  with  the  in- 
testinal segment  of  the  canal,  the  oesophagus  is  scantily  supplied  with  blood* 
At  the  point  of  junction  between  the  oesophagus  and  true  intestine,  and  just 
anterior  to  the  cardiac  centre  of  the  blood-system,  may  be  seen  two  pyriform 
bodies  (fig.  5Sc),  hoilow  in  the  interior,  and  communicating  by  a  large 
opening  with  th^  channel  of  the  oesophagus.  They  are  sometimes  found  to 
contain  a  greenish  yellow  fluid,  which  tinges  the  surface  over  which  it  flows. 
The  microscope  entirely  fails  to  discover  in  the  parietes  of  these  diverticula 
of  the  oesophagus,  any  evidences  of  glandular  formation, — nothing  to  throw 
fight  on  the  mechanism  of  their  secreting  function.    It  may  be  affirmed  with 
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certunty  that  they  do  not  enact  any  part  concerned  in  the  reproductive  func- 
tions. With  the  organs  devoted  to  the  latter  uses  they  exhibit  no  sort  of 
communication.  The  structure  of  the  oesophageal  parietes  are  coloured  by- 
no  pigment  The  intestine  proper,  however,  coincides  to  the  Annelidan  law, 
and  displays  the  brightest  yellow  colour,  streaked  in  every  direction  by  the 
plexiform  blood-vesseb,  In  the  meshes  of  which  the  biliary  gland-structure  is 
lodged.  A  correct  conception  of  the  ultimate  structure  of  intestinal  parietes 
may  be  derived  from  a  close  examination  of  the  figure  of  the  circulaUon  of 
Asrenicola^  formerly  given  (Plate  III.  fig.  7«/)*  At  the  commencement  of  the 
posterior  third  of  the  body  the  digestive  canal  of  this  worm  loses  its  enteric 
character.  The  liver-enveloped  tube  degenerates  into  a  smooth- walled, 
straightened  canal,  stretching  under  this  form  from  this  point  to  the  tail ; 
the  traces  of  segmenti^tion  so  general  in  the  digestive  system  of  the  Annelida 
are  here  scarcely  perceptible.  Although  destitute  of  biliary  glandular 
tissue  in  its  coats,  the  posterior  straight  segment  of  the  canal  is  surrounded  by 
a  curious  loose  flocculent  tissue,  which  both  Lamarck  and  Cuvier  have  mis- 
taken for  a  part  of  the  reproductive  system.  Each  elementary  process  of  this 
tissue  consists  of  a  nngU  vessel,  terminating  in  a  cul-de-sac^  and  enveloped  in  a 
layer  of  nucleated  cells ;  they  project  to  the  distance  of  about  the  eighth  of 
an  inch  from  the  exterior  surface  of  the  intestine ;  they  are  also  attached  to 
the  interior  surface  of  the  integumentary  cylinder,  a  few  extending  from  the 
one  to  the  other.  Milne-Edwards  defines  them  as  '*  appendices  secr^teun 
de  la  matiere  faune,  excr6t6e  par  la  peau  '*  (vaisseaux  biliares  ?).  Lamarck 
has  described  them  as  ovaria.  As  already  stated,  they  consist  of  a  sinffie 
vessel  (mi  a  looped  vesseh),  around  which  a  layer  of  nucleated  cells  clusters. 
If  these  cells  produce  anything,  it  must  enter  the  blood -channel,  which  forms 
the  axis  of  the  process,  and  Uience  mingle  with  the  blood.  If  they  do  not, 
the  blood-vessel  must  be  regarded  merely  as  a  collateral  receptacle  into 
which  the  blood  may  rush  during  the  contortions  of  the  animal,  and  as  bear- 
ing some  analogy  to  that  system  of  vessels  which  surrounds  the  lungs  of  the 
cetacean  mammalia.  If  they  are  glands,  they  are  most  certainly  destitute  of 
excretory  ducts.  If  they  are  designed  to  supply  a  fluid  tributive  to  diges- 
tion, it  is  anomalous  that  they  lie  disposed  over  the  hindmost  segment  of  the 
digestive  canal.  There  is  no  character  detectible  in  the  structure  of  the  cells 
suggestive  of  their  true  function.  Neither  these  appendages,  nof  the  pyri- 
form  diverticula  attached  to  the  oesophagus  (Plate  XL  fig.  52  c),  can  in  the 
present  state  of  knowledge  be  physiologically  defined.  It  is  not  easy  to  ex« 
plain,  within  the  limits  of  the  same  class  of  animals,  why  the  same  secretion 
should  proceed  in  difi*erent  species  from  organs  so  remarkably  dissimilar  in 
structure.  Between  these  pouches  in  Arenicola^  for  example,  and  the  salivary 
glandules  which  beset  the  proboscis  and  oesophagus  of  nearly  all  other 
Annelids^  there  exists  no  homological  affinity.    Analogy  therefore  affords  no 

S-ound  whereon  to  rest  the  supposition  that  their  secretion  consists  of  saliva, 
either  can  it  consist  of  bile,  for  already  an  extensively  diffused  gland  is 
furnished  for  the  production  of  this  fluid.  It  admits  of  no  denial  that  specual 
necessities  arise  in  some  species  of  animab,  from  the  nature  of  the  food, 
obliging  the  provision  of  some  special  organ  to  supply  peculiar  wants.  The 
physiological  signification  of  such  organs  cannot  be  explained  on  ^'  general 
principles."  The  peculiar  want  must  first  be  understood,  the  peculiar  cor- 
relate of  that  want  may  then  be  defined. , 

In  Arenicola  the  cutaneous  system  is  very  profusely  supplied  with  mucus* 
producing  follicles.  The  slippery  secretion  by  which  the  animal  is  externally 
covered,  must  very  materially  facilitate  its  progress  through  the  sandy  soU 
of  the  shore,  by  diminishing  the  friction  between  its  sides  and  those  of  the 
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channel  through  which  it  it  advancing.  It  requires  little  knowledge  of  the 
eompoflition  of  the  sand  of  the  sea-shore,  saturated  twice  every  twenty-four 
hours  by  the  tide,  to  understand  that  the  food  of  these  worms  must  share  the 
properties  of  the  animal  and  the  vegetable  kind.  The  inferior  forms  of 
life  swarm  in  every  minute  mass  of  sand.  The  microscope  detects  thousands 
of  infusoria  and  entomostraca,  and  fragments  of  algaceous  vegetables; 
these  organic  substances  constitute  the  food  of  these  worms.  The  sand 
swallowed  *<  gives  bulk,'*  distends  the  canal,  and  sustains  by  mechanical  con- 
tact, the  stimulus  required  for  the  due  vermicular  action  of  the  tube. 

Cfyfnene  arenicoida  displays  a  proboscis  formed  precisely  on  the  same 
model  as  that  of  Arenieolay  and  devoted  to  the  same  uses ;  as  this  worm,  like 
Arenieolaj  lives  on  sand.  The  digestive  system,  however,  is  constructed 
very  differently  from  that  of  the  latter.  The  oesophagus  is  short,  the  biliary 
intestine  begins  near  the  head,  and  continues  without  any  variety  of  struc- 
ture to  the  tail.  Neither  the  diverticular  pouches  of  the  oesophagus,  nor 
the  gland-like  Hocculent  vessels  noticed  in  Arenicola^  are  detectible  in  this 
species;  so  that  while  the  food  and  proboscis  are  identical,  the  digestive 
system  presents  nothing  in  common  in  the  two  species.  Another  exemplifi- 
cation is  here  given  of  the  difficulty  and  danger  of  predicating  the  function 
of  an  organ  from  the  nature  of  its  anatomical  structure. 

The  cognate  genera  of  Amphiname^  Chhe,  Pleione,  Euphrosyney  and 
Htpponocy  far  from  common  on  the  British  coasts,  in  the  pattern  of  the 
alimentary  canal,  approach  more  or  less  intimately  to  the  dorsibranchiate 
type  already  described. 

The  Euniciad€B  (Plute  X.  figs.  53, 54)  are  invariably  armed  with  a  power* 
fully-jawed  proboscis.  It  is  capable  of  protrusion  to  a  very  slight  degree  beyond 
the  level  of  the  mouth ;  when  fully  extended  it  does  not  extend  to  the  point  of 
the  head.  The  jaws  in  all  the  species  are  very  similarly  formed  and  disposed 
on  the  proboscis.  Taking  E.  antennata  for  type,  we  observe  that  the  jaws  are 
symmetrically  bilateral,  moved  by  strong  muscles.  The  corneous  processes 
on  either  side  of  the  proboscis,  which  constitute  the  jaws,  are  seen  to  con- 
sist of  two  denticulated  plates  or  saws,  the  teeth  being  directed  inwards,  of 
a  reaping-hook  like  piece,  blacker  in  colour  and  stronger  than  the  former, 
and  presenting  a  sharp  edge;  and  another  straight,  tapering,  and  acutely 
pointed  piece,  which  in  some  species  is  situated  to  the  outside  of  the  former, 
and  in  some  to  the  inside.  In  such  an  engine  the  mechanician  may  recog- 
nise the  presence  of  the  crushing,  cutting,  sawing,  and  piercing  elements 
artfully  designed  to  do  the  multifold  labour  which  the  proboscis  of  these 
rapacious  worms  is  required  to  perform.  In  their  native  haunts  they  prowl 
under  stones,  and  closely  resemble  the  Nereids  in  their  habits,  affecting  simi- 
lar situations.  The  oesophagus  in  this  genus  supports  the  tubular  heart,  and 
presents  the  characters  of  an  elongated  gizzard.  The  intestine  is  brilliantly 
yellow  throughout  the  middle  thin!  of  the  body,  and  segmented  by  constric- 
tions corresponding  with  those  of  the  external  body.  The  ultimate  anatomy 
of  the  biliary  layer  corresponds  with  those  accounts  of  thb  organ  already 
given :  it  is  densely  vascular.  Although  the  biliary  gland  commences  in 
front  by  an  abrupt  deftned  line,  it  very  gradually  disappears  posteriorly,  nor 
entirely  until  it  reaches  the  caudal  extreme  of  the  body.  The  anal  orifice  is 
situated  on  the  dorsal  aspect  of  the  tail,  the  latter  being  prolonged  into  two 
long  styles.  It  is  a  fact  of  fixed  constancy  in  the  organization  of  the  Anne- 
lida, that  the  outlet  of  the  alimentary  canal  is  situated  dorsaUy  whenever  it 
is  not  terminal.  In  the  Serpulay  AmphUritiBy  TerebdhBy  it  is  ierrMnaly  the 
month  being  also  terminal.  Whenever  the  anus  is  dorsalfy  situated,  the 
mooth  is  vmtralfy  placed ;  these  are  fixed  quantities  in  the  oi^anization  of 
the  AhnelidB.  ^r^ 
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The  genera  Lycidicey  Aglaura  and  (EnoMy  are  distinguUhed  readily  from 
M  other  Annelids  by  the  existence  oi  four  styles^  two  on  either  tide  of  the 
anal  outlet.  It  is  not  a  little  to  be  wondered  at  that  such  exact  obeeryers  aa 
Audouin  and  Milne- Edwards  should  have  overlooked  this  most  peculiar  con- 
formation. In  all  other  respects  the  portraits  of  these  worms  given  by  these 
distinguished  authors  in  Crochard's  edition  of  the  ^  Rdgne  Animal/  are 
faithful  and  characteristic.  These  genera,  remarkable  for  the  beauty  of 
the  curves  into  which  their  very  elongated  bodies  are  thrown  during  loco- 
motion, frequent,  in  search  of  food,  all  those  situations  in  which  the  JEum- 
ctada  are  found.  To  the  latter  family  they  bear  an  intimate  resemblance  in 
the  structure  of  the  jaws  of  the  proboscis.  Like  that  of  Butdoe,  this  organ 
is  short  and  armed  with  jaws  of  four  separate  plate-like  pieces  on  either  side 
(fig.  5S  a).  The  edge  of  each  element  presented  towards  the  median-line  is 
denticulated  with  recurved  short  serrations.  The  two  inferior  portions  are 
drawn  into  the  shape  of  a  reaping-hook,  the  base  being  toothed.  The  descrip- 
tion now  given  applies  more  especially  to  Aglaura  fulgida  of  Savigny. 

In  Lycidice  Ninetta  (fig.  54)  the  jaws  comprise  three  elements,  having  each 
a  peculiar  conformation.  The  inferior  jaw  is  a  flattened  club-shaped  instru- 
ment adapted  for  slicing ;  the  next  displays  the  form  of  an  acutely-pointed 
reaping-hook,  while  the  next  is  bluntly  serrated.  These  three  pecuUarly  con- 
structed instruments  are  evidently  designed  for  three  distinct  mechanical  pur- 
poses in  the  seizure  and  mastication  of  food.  In  another  species  of  LydMot^ 
hitherto  undescribed,  the  proboscis  is  furnished  with  jaws  which  are  com- 
posed of  pyramidal  pieces  only,  and  adapted  exclusively  for  piercing.  The 
hook-like  and  serrated  elements  are  wanting.  This  species  b  found  only  on 
certain  Alg<B^  and  its  food  is  probably  of  an  exclusively  vegetable  nature. 

The  proboscis  in  the  genus  CEnone  coincides  closely  in  character  with  that 
of  the  two  preceding  genera.  The  jaws  occur  under  the  shape  of  ourved 
denticulated  plates.  In  the  conformation  of  the  alimentary  canal  in  theie 
genera  there  is  nothing  peculiar  to  be  noticed.  The  oesophagus  is  long, 
and  terminates  where  the  biliary  segment  begins*  At  this  point  it  it  em- 
braced by  a  large  circular  vessel,  by  means  of  which  a  communication  is 
established  between  the  ventral  and  dorsal  moieties  of  the  circulating  system. 
It  is  strong-walled  and  muscular.  It  is  destitute  of  glandules;  ueiie  are 
limited  to  the  parietes  of  the  proboscis. 

In  the  biliary  intestine  of  this,  as  indeed  of  nearly  all  other  Annelidsy 
the  itomach  proper  and  intestine  are  eonfounded  both  in  structure  and  in 
function.  It  is  not  improbable  from  the  disproportionately  extensive  tract 
of  surface  over  which  this  yellow  glandular  organ  is  distributed  in  the  Ann^ 
lida,  that  the  product  secreted  by  it  may  unite  the  qualities  of  the  gastric 
and  biliary  digestive  fluids.  On  the  possibility  of  such  fusion  of  functioosy 
observations  have  already  been  adduced. 

Dr.  Johnston  observes  with  reference  to  the  proboscides  of  the  Nerekb^ 
that  <<the  pattern  afler  which  they  (prickles  of  the  proboscis)  are  arranged, 
varies  in  some  species  ;  but  it  is  almost  impossible  to  define  those  variations 
in  words,  and  the  character  fails  us  in  the  nearest  allied  species,  where  only 
it  is  required.  Such  is  also  the  case  ti^ith  the  number  oi  serratures  along  the 
falcate  edge  of  the  jaws ;  though  the  character  is  one  not  to  be  negle^ed  i 
but  from  the  peculiar  shape  of  the  jaw,  I  have  sometimes  found  a  difficult 
in  determining  the  exact  number  of  these  serratures  ;  and  in  other  instances 
have  had  a  doubt  whether  one  or  two  of  them,  from  their  obsoleteness,  ought 
to  be  reckoned*."  These  difiiculties  do  not  accord  with  my  experience. 
With  a  good  microscope  it  becomes  quite  clear  always  that  different  speeie8» 
however  nearly  allied,  are  characterized  by  proboscidian  jaws  of  didmdw^ 
*  AmuOs  and  Maffsziiie  of  Natoral  History,  voL  iv.  . 
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oonfomiationt.  Thit»  howeyeri  it  only  true  with  reference  to  adult  indlvi- 
doalfty  since  it  is  easy  to  assign  to  distinct  species  individuals  which  really 
differ  only  in  age,  and  that  on  the  ground  of  an  apparent  difference  in  the 
ibrm  and  shape  of  the  proboscidean  jaws. 

The  Nereids  (figs.  55,  56,  67f  58)  swallow  a  considerable  amount  of  clay 
and  sand.  Observation  of  the  habits  and  habitats  strongly  suggest,  howeveri 
their  carnivorous  disposition.  The  proboscis  is  well* constructed,  and  the  jawa 
aptly  disposed,  for  seizing  a  living  prey.  The  intestine  is  filled  always,  espe« 
eially  throughout  the  posterior  half  of  the  body,  with  a  pulpy  matter,  of  which 
sand  and  day  form  a  large  proportion.  These  worms  frequent  subterranean 
channels  constructed  by  themselves ;  and  this  mechanical  purpose  is  not  the 
lesst  important  of  the  uses  to  which  tiieir  proboscides  are  devoted.  Through 
these  haunts  they  move  with  great  rapidity.  They  prowl  on  all  animals  which 
perchance  may  be  brought  within  the  precincts  of  their  territory  by  the 
mechanical  force  of  the  tidal  currents. 

As  the  British  species  in  the  genus  Nereis  amount  to  a  considerable  num- 
ber, it  were  tedious  in  this  place  to  enumerate  all  the  specific  variations  from 
the  generic  type  which  are  found  to  occur  in  the  figures  of  the  proboscidean 
jaws  (figs.  55^  56, 57, 58).  In  the  d^niHan  of  species,  these  particulars  may 
hereafter  prove  of  essential  service. 

Assuming  for  type  this  organ  as  it  occurs  in  Nereis  margariJtacea  (fig.  55}f 
it  is  found  to  be  capable  of  extrusion  to  some  distance  beyond  the  line  of  the 
head ;  that  the  jaws  are  two  in  number,  one  on  each  side  of  the  terminal 
orifice  of  the  proboscis ;  that  each  jaw  consists  of  a  falcate,  horny,  dark  pro* 
cess,  the  internal  curved  edge  of  which  is  irregularly  notched:  the  cha« 
racters  of  these  notches  become  dbtinctive  of  species.  In  some  they  are 
uniformly  round ;  in  others  they  are  sharp  and  recurved ;  in  others  these 
serrations  point  forwards.  This  latter  is  the  case  in  more  than  one  of  the 
smaller  species.  It  is  important  to  remember  that  in  no  species  of  this  genua 
do  the  jaws  exceed  *  the  ^tr '  in  number.  In  addition  to  the  jaws,  properly 
so  called,  the  proboscis  in  some  species  is  pricked  with  minute  corneous 
points  at  various  parts  of  its  surface,  for  the  purposes  obviously  of  protec- 
tion from  external  injury.  In  N  marffariiacea  the  oesophagus  extends  back- 
wards to  the  level  of  the  seventh  or  eighth  foot ;  it  is  a  straight  muscular 
tube  as  usual;  but  it  is  curious  to  o&rve  that  the  two  lateral  pouches 
communicating  with  the  oesophagus  already  described  in  Arenicola,  re-appear 
in  the  genus  Nereis.  They  are  obviously  identical  in  structure  to  those  of 
Afenicola,  and  subservient  to  similar  purposes.  At  the  distance  of  three  or 
four  feet  beyond  the  point  of  these  pouches  the  biliary  intestine  begins.  It 
is  strongly  segmented.  In  the  smaller  species  the  interval  of  constriction 
equals  in  length  the  sacculated  portion.  The  only  means  of  distinguishing 
between  the  limits  of  the  true  <  digestive '  intestine  and  the  colonic,  consist 
in  the  character  of  their  respective  contents ;  true  faecal  matter  never  lodges 
in  the  former,  it  always  accumulates  in  the  latter.  In  those  Annelida,  as  the 
Asrtns,  for  example,  which  are  remarkable  for  the  elongation  of  the  body, 
the  posterior  half  or  third  of  the  intestinal  canal  is  loaded  with  fseculent 
accumulations,  imparting  their  colour  to  the  whole  body.  The  system  of 
the  blood-proper,  as  formerly  indicated,  is  elaborately  developed  in  the  Ae- 
reids,  and  the  walls  of  the  digestive  canal  are  embraced  by  a  dense  tissue  of 
a  closely  reticulated  plexus.  In  the  Nereids,  the  integumentary  structures 
are  far  more  vascular  than  those  of  any  other  known  Annelid.  This  circum- 
stance sufiioes  to  account  for  their  proverbial  muscular  activity.  The  evi- 
dences of  structure  and  habits  concur  to  support  the  view  which  assigns  to 
then  worms  an  almost  exclusively  carnivorous  character. 
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The  PhyUodocid<B  unquestionably  live  exduBively  on  animal  matter.  They 
are  always  found  near  low-water  mark,  amongst  corallines,  sponges*  minute 
Actinise,  shelled  MoUusca,  and  Cirrhipeds.  Ph^Uodoce  vhidis  prowls  amidst 
the  small  Cirrhipeds  of  our  rocks,  and  is  frequently  found  in  companionship 
with  the  LiniadiB,  These  worms  may  be  frequently  observed  to  thrust  tiieir 
heads  between  the  valves  of  the  shells,  protruding  their  proboscides  to  suck 
up  the  juices  of  the  defunct  prey,  for  they  seldom  attack  the  living  inhabitants. 
In  all  the  species  of  this  genus  the  proboscis  is  constructed  with  express  refer- 
ence to  the  operation  of  sucking.  This  instrument,  in  these  worms  quite 
ceaseless  in  its  operation,  is  edentulous.  It  is  gifted  with  no  means  of  grasp- 
ing, or  cutting  or  piercing ;  circumstances  from  which  it  may  be  reasonably 
inferred  that  the  food  upon  which  the  worms  subsist  must  be  so  fluid  as  to 
admit  of  being  sucked  into  the  oral  orifice  seated  at  the  extremity  of  the 
proboscis.  This  instrument  in  PhyUodoce  viridis  equals  a  fourth  of  the 
body  in  length  when  fully  extended.  The  surface,  which  is  exterior  whea 
protruded,  is  beset  profusely  with  mammillary  glandules  raised  above  the 
plane  of  the  surface.  Under  the  higher  powers  of  the  microscope  these 
glandules  resolve  themselves  into  minute  Florence  flask-shape  involucra, 
fllled  with  spherical  oleous  cells,  which,  unlike  ordinary  oil-molecules,  ars 
charged  with  brownish  molecules  surrounding  a  central  nucleus.  It  is  im- 
possible to  trace  with  the  eye  the  presence  of  an  excretory  channel  in  the 
axis  of  the  flask.  It  is  therefore  probable  that  the  secretion  furnished  bf 
these  proboscidian  papillae  (as  at  58),  considerable  in  quantity,  evidently 
from  their  vast  number,  results  from  the  successive  bursting  of  the  contained 
cells  ;  those  dehiscing  first  which  are  situated  nearest  to  the  attached  extre- 
mity of  the  gland.  When  withdrawn  into  the  interior  of  the  body,  the  pro- 
boscis may  be  seen  in  an  Inverted  position  embraced  by  the  oesophagus.  It 
may  be  here  remarked,  that  in  every  Annelid  in  which  a  proboscis  exists,  the 
process  of  withdrawing  it  into  the  interior  of  the  body  is  as  beautiful  as  it 
is  perfect  in  a  mechanical  sense.  The  jaws,  when  they  are  present,  fint 
meet  at  the  mid-point  of  the  terminal  orifice  of  the  proboscis ;  they  are  then 
reversed,  that  is,  their  extremities  are  directed  backwiurds  towards  the  tail  of 
the  animal:  they  may  now  be  seen  moving  backwards  in  the  axis  of  the 
oesophagus  as  the  act  of  withdrawing  the  proboscis  proceeds.  To  explain 
the  mechanism  of  this  movement,  it  is  required  only  to  conceive  the  exist- 
ence of  two  concentric  cylinders  of  longitudinal  muscular  fibres ;  one  on  the 
outside  of  the  proboscis  under  the  papillae,  and  the  other  on  the  inside  be- 
neath the  mucous  lining.  It  is  now  easy  to  perceive,  that  when  the  esnfertor 
cylinder  retracts,  its  muscles  contrcu^vgy  the  effect  on  the  proboscis  will  be 
that  of  everting  or  protruding  it ;  and  when,  conversely,  the  interior  cylinder 
of  muscular  fibres  diminishes  its  length  (the  muscles  eantractiftg),  the  pro- 
boscis will  be  furled  upon  itself,  as  it  were,  and  drawn  backwards  into  the 
interior  of  the  body.  The  orifice  at  the  extremity  of  the  organ,  whether 
guarded  or  not  with  jaws,  is  surrounded  by  a  sphincter  muscle,  by  which  the 
alimentary  object  is  firmly  grasped  while  being  carried  back  into  the  ceso- 
phagus  during  the  inversion  and  retraction  of  the  proboscis.  These  move- 
ments may  be  readily  imitated  by  the  finger  of  a  glove.  It  is  a  curious  ana- 
tomical fact,  that  the  glandules  furnishing  the  secretion,  to  the  agency  of 
which  the  food  isjirst  submitted,  should  be  restricted  to  the  parietes  of  the 
proboscis,  since  those  of  the  cesophagus,  properly  so  called,  are  generally 
without  a  trace  of  them.  Such  glandular  organization  points  to  the  pro- 
boscis as  the  analogon  of  the  mouth  and  pharynx,  with  their  tributary  glands 
in  the  higher  animals.  For  reasons^  however,  already  advanced,  it  were 
unsafe,  on  the  ground  of  this  apparent  analogy,  to  rest  the  inferenoe  that 
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the  papillary  glandules  of  the  proboscis,  like  their  elaborate  representatives 
in  the  mouth,  furnished  a  fluid  for  the  exclusiye  purpose  of  insalivation. 

In  the  PkyUodocUke  the  biliary  intestine  begins  where  the  mechanical  oeso- 
phagus ends.  Neither  a  crop  nor  a  gizzard  intervenes  between  these  two 
divisions.  It  is  on  this  account  that  the  inference,  denying  to  the  probos- 
cidian glandules  an  exclusively  salivary  office,  is  rendered  probable.  These 
glandules  in  reality  may  supply  a  fluid,  uniting  in  its  chemical  agency  the 
twofold  properties  of  the  gastric  and  the  salivary. 

The  segmentation  of  the  body,  exteriorly,  is  in  these  ornate  worms  very 
deeply  marked.  This  fact  determines  the  degree  in  which  the  intestinal 
caoal  is  segmented.  It  19-  curious,  however,  that  the  oesophagus  should  in 
no  case  conform  in  the  outline  of  its  structure  to  that  of  the  integuments. 
In  no  known  instance  is  it  sacculated  or  annulated,  like  the  intestine.  This 
latter  division  of  the  canal  in  these  worms  is  quite  moniliform  in  figure,  the 
contiguous  sacculi  being  divided  by  an  interval  of  constriction  equal  in  length 
to  themselves.  The  biliary  glandules^  which  in  the  Phyllodocida  are  charged 
with  a  dark  green  pigment,  are  limited  in  their  distribution  to  the  dilated 
portions  of  the  intestine,  and  may  be  traced  in  diminishing  numbers  to  the 
extreme  tail-end  of  the  tube.  It  is  probable  that  the  absence  of  the  charac* 
teristic  colour  in  the  biliary  layer  of  the  intestine  may  depend  in  some  way 
upon  entire  ahaence  of  all  red  pigment  from  the  blood.  Such  facts  as  these, 
bearing  to  each  other  an  evident  though  unresolved  connection,  suggest  the 
conclusion  that  all  local  pigmentary  accumulations,  whether  occurring  in 
glandular  organs  or  integumentary  structures,  are  mere  modifications  of  the 
primary  pigment  matter  of  the  blood.  The  blood  in  the  PhyUododdcR  being 
devoid  of  all  colour,  it  is  accordingly  difficult  to  conceive  the  source  whence 
the  materials  of  colour  may  be  drawn  by  the  biliary  organs.  In  confirmation 
of  this  doctrine  the  instance  of  Phyllodoee  viridis  may  be  mentioned.  All 
the  structures  in  the  body  in  this  worm  are  strongly  tinged  with  a  grass- 
green  colour,  and  that  probably  because  the  blood  is  densely  charged  with 
this  pigment. 

The  SyUida  (Plate  XI.  fig.  59)  are  proboscidian  worms,  and  no  known 
species  -presents  an  exception  to  this  rule, — in  some  they  occur  as  minute 
transparent  bodies  on  the  inside  of  the  orifice  of  the  proboscis.  This  organ 
in  S.proUfera  (fig.  59)  exhibits  four  of  these  little  corneous  formations  (fig. 
59a) ;  they  are  crenated  at  their  distal  end.  In  S.  armiUaris  these  piercing 
instruments  are  replaced  by  a  single  cup-shaped  organ,  of  the  mechanism  of 
whose  action  it  is  difficult  to  form  a  correct  conception.  It  is  placed  on  the 
superior  edge  of  the  terminal  orifice  of  the  proboscis ;  the  edges  of  this  orifice 
being  fringed  with  fleshy  papillae,  which  are  obviously,  from  their  situation, 
the  seat  of  exaggerated  tactile  sensibility.  In  other  species  there  is  no  corneous 
formation  of  any  sort  superadded  to  the  proboscis.  These  Annelids  are  gene- 
rally found  creeping  over  the  surface  of  algaceous  plants.  From  the  absence 
of  any  structure  bearing  the  semblance  of  browsing  organs,  or  mechanical 
additions  of  any  description  to  the  proboscis  calculated  to  cut  and  masticate 
vegetable  substances,  taken  in  conjunction  with  the  circumstances  under 
which  these  worms  are  commonly  discovered,  they  may  be  classed  \i'ith  con- 
fidence among  the  herbivorous  Annelida.  This  conclusion  is  supported  by 
the  anatomical  proofs  derived  from  the  character  of  the  digestivecanal. 

In  the  SylUdiB  the  proboscis  (fig.  59  b)  is  capable  of  extrusion  to  a  con- 
siderable distance  beyond  the  mouth.  Unlike  that  of  nearly  all  other  Anne- 
lids, it  is  quite  smooth  and  destitute  of  all  traces  of  parietal  glandules.  In  this 
genus  the  papilUry  glands  are  transferred  to  the  walls  of  the  cesophagus 
(fig*  59^).  They  may  be  readily  seen  projecting  beyond  the  plane  of  the  ex* 
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tenial  surface  of  thiB  part  of  the  tube,  in  form  of  transparent  vesionlar  tubvli 
filled  with  minute  cellB.  To  the  OBsophagut  in  aU  SyWdm  succeeds  an  don* 
gated  highlv  glandulated  giazard-like  portion  peculiar  to  and  charaeteristie  of 
this  genus  (fig.  59  d).  The  parietes  of  this  portion  are  not  perhaps  dense  and 
muscular  enough  to  claim  for  it  the  character  of  a  true  gizsard.  The  glan- 
dules are  arranged  in  transverse  or  circular  rows,  and  communicate  with  the 
interior  by  means  of  a  minute  excretory  tube  or  orifice.  One  type  of  struc- 
ture prevails  throughout  all  varieties  of  the  secernent  glandules,  whether 
biliary  or  salivary,  discoverable  in  the  digestive  system  of  the  Annelida*  They 
resolve  themselves,  in  ultimate  analysis,  into  membranous  capsules  filled  with 
secondary  cells,  for  the  most  part  oleous.  These  cells  are  contained  in  a 
plasma,  out  of  which  they  draw  the  material  of  their  own  formation  and  in* 
crease.  They  dehisce  and  contribute  thus  a  perfected  secretioui  adapted  to 
perform  a  part  in  the  chemical  and  vital  processes  of  digestion.  The  biliary 
intestine  in  these  worms  presents  a  deeply  notched  outline,  approaching  the 
moniliform  (fig.  59  e).  The  segments  of  that  part  which  immediately  succeeds 
to  the  gizzards  are  very  much  elongated,  while  those  nearer  the  tail  present 
annulations  corresponding  with  those  of  the  integument  The  biliary  layer  in 
these  worms  is  not  pigmented  bright  yellow,  but  ^tf^  yellow,  having  a  greenish 
tint  There  is  nothing  demanding  notice  in  the  formation  of  the  rectal 
intestine  in  the  St/Uida,  The  outlet  is  situated  dorsally  and  above  a  small 
median  style.  Ab  the  blood-proper  is  destitute  of  colour,  there  is  little  diffi- 
culty in  explaining  the  absence  of  brilliant  pigments  from  the  solid  glandular 
structures  of  the  body. 

The  genus  Spio  or  Nerine  comprehends  two  welUknown  species,  AT.  tmU 
garis  and  N^.  coniooephala ;  to  which  number  the  author  has  lately  added 
N.  MarceUa,  These  Annelids  are  notorious  for  the  extraordinary  accumu- 
lation of  fsBcal  matter  which  occurs  in  the  posterior  half  of  the  intestinal 
canal,  causing  the  whole  of  this  moiety  of  the  body  to  look  closely  like  an 
inanimate  string  of  sand  and  earthy  substance.  This  character  ia  noore 
striking  in  the  two  last-named  species  than  in  the  first  Spio  vuigaris  is  an 
active  toorm^  and  the  posterior  half  of  the  body  does  not  drag  like  a  lifeless 
appendage,  as  it  does  in  S,  coniooephala  and  S.  MarceUa,  These  worms 
are  improboscidean.  The  head  terminates  in  a  prolonged  tapering  snout 
The  mouth  is  situated  ventrally  and  a  little  behind  the  extreme  end  of  tlie 
head ;  the  lining  membrane  of  the  pharynx  is  capable  of  being  only  very  slightly 
exserted.  It  is  by  the  operation  of  the  arms  that  food  is  conveyed  to  the 
mouth.  The  chief  part  of  this  food  consists  of  sand,  fragments  of  shells,  &c. 
In  consequence  of  the  conical  figure  of  the  snout,  these  worms  penetrate  the 
gravelly  and  shelly  soil  in  which  they  are  found  with  great  facility.  That 
portion  of  the  body  which  corresponds  with  the  oesophagus^  contrasts  prettily 
by  its  dull  white  colour  with  the  rest  of  the  body,  which  is  dark  green.  The 
oral  two-thirds  of  the  oesophagus  is  a  smooth  tube,  unsupplied  with  glands 
(Plate  X.  fig.  60  a)  ;  the  remaining  portion,  as  far  as  the  intestine  embraced 
by  a  flocculent  layer  consisting  of  a  vast  multitude  of  follicular  glandules  (6). 
They  coincide  in  structure  with  those  which  in  the  carnivorous  Annelids 
beset  the  proboscis.  The  first  fifth  of  the  true  intestine  is  generally  empty 
and  thickly  furnished  with  parietal  biliary  glands.  At  this  part  the  colour 
is  dark  green.  The  perfect  yellow  does  not  appear  in  these  worms.  Next 
to  this  portion  occurs  the  colonic  segment  of  the  canal,  which  is  distin- 
guished by  its  earthy  contents,  the  dark  green  of  the  integuments  becoming 
sensibly  diminished,  enabling  the  contents  of  the  canal  to  contrast  strongly 
with  the  anterior  portions  of  the  body.  The  segmentations  of  the  anterior 
part  of  the  intestinal  canal  are  deeply  marked,  the  tube  being  reduoed.at 
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the  constricted  intoryob  to  a  fine  thread,  through  which,  into  the  contiguous 
segment,  a  minute  portion  of  fescal  matter  periodically  passes.  The  biliary 
glandules  on  the  parietes  of  the  intestine  present  a  definitively  linear  arrange- 
ment ;  that  is,  when  traced  around  the  cylinder  they  form  circular  rows  of 
glands. 

In  Glyara  aWa  (Plate  XL  fig.  61),  the  alimentary  canal  is  remarkably 
moveable ;  it  is  tied  to  the  integumentary  by  bridles  of  muscular  fibriUaa. 
This  most  attractive  and  lively  little  worm  inhabits  loose  moist  sand,  through 
which  it  progresses  by  frequent  thrusts  forwards  with  its  proboscis.  The  jaws 
of  this  organ  are  four  in  number,  hook-shaped  (fig.  61  a),  each  presenting  a 
secondary  piece  'projecting  from  the  back ;  the  base  being  strong  and 
broad.  The  extremity  of  the  proboscis  is  smooth,  while  the  posterior  four* 
fifths  is  thickly  villose  with  papillary  glandules  (fig.  61  ()•  The  oesophagus 
exoeeds  the  proboscu  in  length,  enabling  the  latter  to  be  packed  upon  the 
former.  The  intestinal  segmentations  commence  at  the  oesophagus;  there  is 
no  proper  stomach.  The  functions  of  the  stomach  are  merged  either  in 
those  of  the  proboscis,  or  in  those  of  the  biliary  intestine.  In  numerous  ex-- 
amples  it  has  already  been  shown  that  this  conformation  is  frequent  among 
the  Annelids.  From  the  peculiar  character  of  those  *  zones '  of  the  sea-shore 
in  which  this  worm  is  ordinarily  found,  it  is  probable  that  it  subsuts  on  the 
oiganic  material  contained  in  the  soil,  of  which  it  swallows  considerable 
quantities. 

N^phth^s  Hambergil  is  commonly  discovered  in  fine  sand,  saturated  with 
sea*water.  It  swims  with  facility.  Its  proboscis  presents  a  formidable  ap- 
pearance. It  is  edentulous,  the  jaws  being,  however,  replaced  by  fine  but 
strong  fieshy  bristly  processes.  ^The  digestive  canal  is  found  in  general 
heavily  laden  with  the  sandy  refuse  of  digestion.  Its  parietes  are  pigmented 
with  a  bright  yellow  colour ;  the  oesophagus  slightly  exceeds  in  length  the 
extended  proboscis ;  the  intestinal  canal  is  annulated  in  correspondence  with 
the  integumentary.  The  constrictions  between  the  segments  are  only  slightly 
marked. 

It  may  with  great  probability  be  affirmed  generally  of  those  worms  which 
subsist  by  swallowing  the  soil  in  which  they  live,  that  the  real  food  is  a 
mixture  of  animal  and  vegetable  matter,  since  the  soil  of  the  sea-shore 
abounds  as  much  in  minute  fragments  of  algaoeous  vegetation  as  in  living 
and  dead  animal  matter.  No  part  of  the  body  of  these  worms  is  coloured 
by  the  contents  of  the  intestine.  The  whole  animal  presents  a  general  dirty 
mother-of-pearl  appearance.  They  attain  a  considerable  size,  and  exhibit  in 
the  adult  state  extraordinary  muscular  power.  The  oesophagus  in  this  worm 
supports  a  very  long  single  vessel — the  cylindrical  heart.  It  is  little  vascular, 
and  quite  devoid  of  follicular  glandules ;  these  latter  are  restricted  to  the 
proboscis.  The  oesophagus  is  a  strongly  muscular  tube,  in  consequence  of 
the  part  which  it  is  required  to  perform  in  the  protrusion  and  retraction 
of  the  proboscis.  The  proboscis,  being  a  large  bulky  appendage  to  the  obso« 
phagus,  gives  to  the  latter,  when  withdrawn,  an  apparently  greater  diameter 
than  any  part  of  the  intestine.  The  absence  of  a  vascular  web  on  the  parietes 
of  the  oesophagus,  excludes  it  from  the  physiological  actions  of  digestion  ;  it 
u  in  this  worm,  as  in  many  others,  a  mere  mechanical  tube.  The  biliary 
intestine  is  highly  vascular ;  it  is  embraced,  in  conformity  with  the  dorsi* 
branchiate  type  of  the  intestinal  circulation,  by  four  large  longitudinal 
trunks,  from  which  lateral  vessels  proceed  to  form  a  dense  reticulation  of 
capillaries*  It  is  in  the  minute  spaces  between  these  ultimate  vessels  that 
the  biliary  glandules  are  lodged. 

In  the  (NTgaoixation  of  the  digestive  canal  of  the  Ariciada^  there  is  little  to 
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remark  which  does  not  fall  under  the  deBcription  already  presented.  The 
intestine  is  of  a  bright  yellow  as  far  as  the  tail.  The  colour  of  the  biliary 
yellow  pigment  of  the  intestinal  parietes  blending  with  the  dull  white  of  the 
integument,  these  worms  appear  as  yellowish-white  threads,  twisting  about 
with  great  beauty.  They  are  distinguished,  like  the  Spios^  by  the  fact  that 
the  whole  of  the  posterior  three-fourths,  or  more,  of  the  body  hangs  on,  like 
a  lifeless  coil  of  sand,  to  the  cephalic  and  only  active  and  locomotiye  part 
of  the  body.  The  former  is  apparently  dragged  along  by  the  latter  in  pro- 
gression. Although  supplied  with  feet  and  branchiae,  they  seem  in  this 
region  to  take  little  part  in  the  movements  of  the  anterior  part  of  the  body. 
This  incapacity  for  muscular  movement  seems  to  depend  upon  the  weight 
of  the  earthy  mass  contained  in  the  intestine.  The  blood  being  brightly  red, 
the  branchiee  form  a  pleasing  contrast  with  the  dark  colour  of  the  body: 
These  worms  live  on  sand,  and  are  destitute  of  proboscis.  The  head  is 
prolonged  into  a  finely  tapering  snout,  by  means  of  which  its  march  through 
the  sand  is  effected  with  tolerable  facility. 

The  preceding  description  will  serve  to  convey  a  pretty  exact  idea  of  the 
character  of  the  alimentary  canal  in  the  Opheliadm — ^worms  which  are  not 
uncommon  on  the  British  coasts.  The  author  recently  made  several  additions 
of  species  to  the  list  of  British  AriciacUe;  they  are  distinguished  from 
the  old  species  by  a  shorter  body,  by  the  presence  at  various  points  of  fila- 
mentary appendages,  not  unlike  those  of  CirrAaiuluSi  by  a  far  greater  activity 
in  the  posterior  parts  of  the  body  In  progression,  and  by  the  absence  of  the 
earthy  colour,  and  undue  accumulation  in  the  posterior  moiety  of  the  digestiye 
canal. 

Cirrhatulus  Lamarckiif  so  abundant  between  tide-marks  on  the  coast  of 
Swansea,  subsists  almost  entirely  by  swallowing  clay.  Its  long  branchial 
appendages  are  little  subservient  to,  and  less  used  for  the  prehension  of  food. 
The  mouth,  a  small  circular  orifice,  is  ventrally  situated,  and  some  little  way 
posterior  to  the  tapering  snout,  in  which  the  head  terminates:  it  is  well 
adapted  for  sucking  in  semi-solid  food.  The  pharynx  is  susceptible  of  ever* 
sion  in  a  slight  degree.  The  native  colours  of  tJiis  worm  are  beautifully 
variegated  :  the  brilliant  yellow  of  the  intestine,  which  begins  near  the  head 
and  continues  to  the  tail,  relieved  by  the  greenish  hue  of  the  integuments  of 
the  back,  contrasts  agreeably  with  the  vermilion  thread  which  spangles 
every  portion  of  the  worm.  The  alimentary  canal,  from  one  end  to  the  other, 
is  closely  united,  at  short  intervals,  by  means  of  minute  septal  bridles,  to  the 
integuments ;  the  peritoneal  fluid,  on  that  account,  is  very  limited  in  quantity. 
The  course  of  the  intestine  describes  a  zigzag  from  one  extreme  to  the  other. 
The  oesophagus  is  short,  and  the  proboscis  wanting.  The  biliary  glandular 
layer  of  the  intestine  is  thick  and  fiocculent,  and  densely  suppliedVith  blood. 
This  worm  is  capable  of  throwing  out  from  the  generu  cutaneous  surface  a 
considerable  amount  of  viscid  adhesive  secretion,  which  enables  the  worm  to 
roll  itself  in  an  impenetrable  coat  of  mail.  The  mechanical  act  of  applying 
the  surrounding  substances  to  the  body  is  accomplished  by  the  thready 
appendages.  Nothing  can  be  more  exquisite  than  the  perfect  and  yet  rapid 
manner  in  which  these  microscopic  strings  perform  this  work  of  protection. 
In  its  natural  state  Cirrhatulus  does  not  inhabit  channels.  It  is  commonly 
found  in  soft  semi-fluid  clay,  stretched  under  stones  near  the  ebb-mark  of 
the  tide. 

The  family  of  AphroditacetB  are  uniformly  proboscidean.  Many  mem- 
bers are  found  in  deep  water,  rendering  it  difiicult  to  assign  their  exact 
habitation.  The  Polj^noe  are  inhabitants  of  the  shores,  and  affect  pi^ 
tected  situations,  such  as  the  inferior  surface  of  slates  and  stones,  over  the 
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torfaoes  of  which  they  crawl  in  search  of  food.  The  oesophageal  apparatus, 
with  its  appended  proboscis,  is  always  powerfully  muscular.  Some  anato- 
mists have  assigned  the  name  of  the  "  gizzard  **  to  the  true  oesophagus  in 
Jlphrodita  aculeaia.  Whatever  outward  resemblance  this  part  may  pre- 
sent to  a  gizzard,  it  possesses  none  of  the  structural  characters  of  this  latter 
organ.  Its  parietes  are  powerfully  muscular  and  dense,  because  they  are  the 
engine  by  which  the  proboscis  is  thrust  out  and  drawn  in.  The  extended 
probosds  of  A,  aculeaia  is  a  savage-lookiiig  instrument ;  in  size  it  is  propor- 
tionate to  that  of  the  animal,  and  is  edentulous.  The  oral  orifice  of  this 
proboscis  is  encircled  by  a  short  and  thick-set  fringe  of  compound  peni- 
cillate  filaments,  divided  into  sets  by  a  fissure  on  each  side ;  each  filament 
has  a  short  stalk,  with  a  tuft  of  numerous  forked  papillae  on  its  summit ;  ex- 
terior to  the  orifice  of  th^  proboscis  there  are  four  fleshy  tubercles  placed  at 
the  angles.  As  the  extei/nal  surface  of  the  proboscis  and  that  of  the  oesopha- 
gus are  devoid  of  all  glanjdular  structure,  the  tn^lema/lining  membrane  of  both 
these  portions  of  the  digestive  tube  is  glandularly  organized,  that  is,  the 
membrane  is  villose  and  highly  vascular.  It  is  important  to  remember  this 
fact,  for  it  denotes  an  anatomical  feature  which  belongs  to  all  the  Aphrodi^ 
iace(Bj  embraced  in  the  four  leading  genera  AphroditOj  Polynoe,  PholoCi  and 
Sigaiian.  Plate  X.  fig.  62  illustrates  the  outline  anatomy  of  the  alimentary 
system  of  Polynoe  squamata.  It  exhibits  a  striking  approach  in  plan  to 
that  of  Aphrodita  aculeata  (c,  c,  digestive  caeca).  From  its  position  in 
the  alimentary  tube,  it  is  manifest  that  this  villose  oesophageal  membrane 
furnishes  a  fluid  which  is  concerned  in  the  process  of  digestion ;  it  does  not 
extend  in  any  species  beyond  the  limits  of  the  oesophagus.  The  true  stomach 
is  quite  dissimilarly  organized.  The  proper  occasion  has  now  arrived  for 
explaining  the  real  physiological  meaning  of  the  complicated  caecal  append- 
ages, so  familiar  to  the  comparative  anatomist,  by  which  the  interior  capacity 
of  the  digestive  cavity  is  multiplied  in  the  AphrodiiacetB, 

These  appendages,  in  their  mechanical  arrangement,  realized  two  import- 
ant objects : — 

1st.  They  efiect  the  purpose  of  lodging  and  detaining  a  considerable 
quantity  of  a  dark -greenish  chymoui  fluid. 

2nd.  They  are  so  disposed  with  reference  to  the  large  exterior  current  of 
water  which  rushes  under  the  elytra  or  scales,  as  to  bring  their  chymous 
contents  as  closely  as  possible  into  contact  with  this  aerating  medium. 

They  perform,  therefore,  two  supreme  functions,  namely,  that  of  respi- 
ration and  digestion.  Perhaps  this  latter  process,  in  this  particular  in- 
stance, should  be  designated  as  that  of  aanguificaiiony  since  the  fluid  con- 
tained in  these  caeca  is  evidently  the  blood  in  its  first  stage  of  preparation ; 
it  is  the  fluid  which,  when  absorbed  into  the  circulating  system,  becomes 
the  true  blood.  It  is  to  the  Aphrodttace^e  what  the  chylo-aqueous  con- 
tents of  the  peritoneal  cavity  is  to  all  the  other  Annelids.  This  cavity  in  the 
Aphrodites,  like  that  of  the  Echinoderms,  is  occupied  by>  fluid,  which  in 
appearance  and  composition  closely  approaches  sea-water.  It  can  scarcely 
be  doubted  that  this  cavity,  thus  fiUed,  becomes  in  these  eccentric  worms  a 
reservoir  wherein  oxygen  accumulates^  and  that  from  this  store,  in  part  at  least, 
the  fluid  contained  in  the  digestive  caeca  draws  its  supply  of  the  aerating 
element.  In  the  AphrodxUuxm^  the  blood-proper  is  colourless,  and  the  blood- 
aystem  of  vessels  is  very  inferiorly  developed.  The  median  tube  of  the 
stomach,  which  is  straight  and  unsegmented,  and  from  either  side  of  which 
the  caeca  proceed,  is  always  found  to  be  filled  with  a  semi-solid  fseculent 
matter,  which  is  quite  unlike  that  contained  in  the  caeca.  These  two  por- 
tions of  the  contents  of  the  digestive  system  are  kept  apart  by  a  sphincteric 
Btructare  encircling  the  openings  leading  from  the  straight  stomach  iato  the 
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lateral  ccecal  appendages,  an  arrangement,  by  which,  in  the  most  perfect 
manner,  everything  hut  the  digested  chyme  is  excluded  from  the  caeca,  ex* 
emplifying  in  humble  life,  the  principle  on  which  the  '*  pylorus  "  acts  in  the 
higher  animals.  The  above  description  will  serve  to  convey  a  precise  con- 
ception of  the  conformation  of  the  alimentary  system  in  the  other  genera  of 
Aphrodites,  namely,  in  Polynoe  (Plate  X.  fig.  62),  Pholoe,  and  Siffalion,  In 
these  smaller  Aphrodites,  the  true  stomach  is  limited  to  the  potterior  frds  of 
the  body ;  the  oesophageal  portion,  with  its  embraced  proboscis,  engaging  the 
anterior.  It  is  necessary  to  observe,  that,  as  in  Sigalum  Boa^  the  peritoneal 
fluid,  external  to,  and  enveloping  the  digestive  appendages,  assumes  a  highly 
organized  and  blood*like  character,  having  express  branchial  organs  prorided 
for  its  own  exposure  to  the  aerating  element.  This,  however,  is  only  a  modi* 
fication,  not  a  violation,  of  the  principle  already  enounced.  It  should  be  here 
stated,  that  in  the  Aphroditacea^  the  true  biliary  apparatus  is  distributed  in 
form  of  a  dark  green  glandular  layer  over  the  parietes  of  the  digestive  oflBoa» 
and  that  it  is  exclusively  limited  to  these  situations. 

In  the  genera  Lumhrtcus  and  Nats  (fig.  63),  the  digestive  canal  is  a  simple 
segmented  tube,  brightly  coloured  yellow  by  the  glandular  biliary  layer  form- 
ing one  of  its  coats. 

In  relation  to  the  mechanism  of  alimentation  in  the  suctorial  Annelids, 
which  comprise  the  subgenera  Hamocharis,  ABnonef  Brancheiiionf  Clepsina^ 
and  MeUacobdelloj  the  following  principle  may  be  definitively  enunciated,— 
that  there  exists  in  all  species  an  inverse  proparHaHj  both  as  regards  quantity 
and  quality,  between  the  fluid  contained  in  the  peritoneal  cavity  and  that 
of  the  digestive  cnca.  It  is  accordingly  found,  that  when  the  stomach 
is  reduced  to  the  simplicity  of  a  straight  tube,  unsupplied  with  lateral 
caeca,  the  chamber  of  the  peritoneum  is  spacious,  and  replete  with  a  highly 
organized  fluid ;  that,  on  the  contrary,  when  the  stomach  is  multiplied  and 
complicated  by  the  addition  of  latend  appendages,  filled  with  a  chymous 
fluid,  the  peritoneal  space  becomes  reduced  in  capacity,  and  almost  entirely 
deprived  of  contents.  The  fluid,  thus  balanced,  is  not  changed  physiologically 
when  transferred  from  the  peritoneal  chamber  into  the  interior  of  the  digestive 
caeca,  or  vice  versd.  Of  the  genus  HimdOf  the  following  are  subgenera,  of 
which  the  digestive  system  is  sacculated: — the  common  Leech,  in  which 
the  sacculi  are  largest ;  HtBrnocharisy  in  which  the  hindmost  pair  only  are 
highly  developed,  the  rest  in  front  being  small ;  and  Aulasioma  mgresems^ 
in  which  the  whole  of  the  anterior  portion  of  the  tube  is  perfectly  straight, 
having  only  two  long  caeca  at  the  posterior  extremity,  on  either  side  of  the 
rectum. 

Albiane  muricaia  presents  a  digestive  tube  perfectly  devoid  of  all  lateral 
sacculations ;  this  is  also  the  case  in  the  genus  BranchelUony  and  that  of  Jfo* 
iaoobdelku  These  Annelids  are  all  suctorial.  In  some  species  a  sucker 
exists  at  both  extremities,  in  others  at  the  posterior  only. 

NemeriimdeB. — In  the  <K^gne  Animal'  the  genus  Nemeries  is  thus  cha- 
racterized : — "  C'est  un  ver  d*une  mollesse  et  d*un  allongement  extrdmes,  lias^ 
gr^le,  aplati,  termini  k  une  extr6mit6  par  une  pointe  mousse  perc6e  d*aa 
trou ;  6va86  etr  largement  ouvert  k  Textr^mit^  oppos6e  par  oii  il  se  fixe. 
Son  intestin  traverse  toute  la  longueur  du  corps,  un  autre  canal,  probable^ 
ment  relatif  k  la  g6n6ration,  serpente  le  long  de  ses  parois,  et  finit  k  an 
tubercule  du  bord  de  louverture  large.  MM.  d'Orbigny  et  de  Blainville, 
qui  out  vu  cet  animal  vivant,  assurent  que  c'est  Touverture  large  qui  est  la 
bonche/' 

"  La  seule  esp^ce  connue  (Nemertes  Borlasii,  Cuv.)  a  plus  de  qnatre  pieds 
de  long.  Bile  se  tient  enfonc§e  dans  le  sable,  et  attaque,  dit-on,  les  anomiei 
qu'ellesacedansleurcoqiiille.   Je dois  oe Teridngulier,  dont  Boriase  (Conh 
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wall)  seul  fait  mention  a  M.  Dumeril,  qai  I'a  trouv6  pr^  de  Brest.  M.  Oken 
en  fait  son  genre  BorUtsia^  M.  Sowerby  Tavait  nomm6  Lineusr 

In  the  preceding  definition  Cuvier  commits  himself  to  several  important 
points  of  structure,  the  incorrectness  of  whicb>  it  will  be  subsequently  shown^ 
may  now  be  proved  by  easy  and  direct  demonstration.  It  is  first  stated  that 
the  body  in  these  worms  terminates  in  a  blunt  point  perforated  by  an  anal 
orifice.  This  is  an  unquestionable  error.  The  posterior  extremity  of  the 
body  in  all  the  species  of  this  genus  is  imperforate.  It  is  next  afiirmed  that 
the  intestine  traverses  the  whole  length  of  the  body,  and  that  "  another  canal, 
probably  concerned  in  generation,  winds  along  the  sides,  and  terminates  by 
a  tubercle  on  the  side^  by  a  large  orifice."  The  constituent  elements  of  strao* 
ture  'have  thus  been  accurately  recognised  by  Cuvier,  but  yery  erroneously 
interpreted.  It  will  be  hereafter  demonstrated  that  '*  the  second  canal,"  ter» 
minating  at  the  side,  is  concerned  in  digestion,  not  in  generation.  It  is  a 
compound  of  oesophagus  and  proboscis.  The  figures  by  M.  Quatrefages  of 
JVemertes  Borlasii  represent  this  worm  as  possessing  several  longitudinal 
fissoral  oral  orifices  adapted  for  sucking.  Nor  does  it  appear  that  this  saga- 
cious naturalist  had  become  at  all  acquainted  with  the  existence  in  this 
remarkable  Annelid  of  a  proboicis.  His  conception,  therefore,  of  the  mecha^ 
Dism  by  which  it  obtains  food  must  have  been  remote  from  liie  truth,  since 
the  oral  end  of  the  alimentary  system  is  not  many-fissured,  but  composed 
only  of  a  single  longitudinal  slit  underneath  the  conical  rostrum :  with  such 
an  orifice  it  is  manifest  that  the  process  of  suction  would  be  impracticable* 
In  the  beautiful  illustrations  of  the  anatomy  ofNemertes  Camilla,  published 
from  the  inedited  researches  of  M.  Quatrefages  in  Crochard's  edition  of  the 
'  Rdgne  Animal,'  this  author  describes  the  Jaws,  vhich  are  situated  at  the 
extremity  of  the  proboscis  when  protruded  (an  extraordinary  organ  in  these 
worms),  as  being  contained  in  a  pouch  of  the  digestive  cavity,  **  poches  k 
stylets  en  voie  de  formation.**  The  dissections  of  this  worm  by  M.  Quatre* 
fages  are,  notwithstanding  this  instance  of  a  misinterpretation  of  structural 
characters,  accurately  defined,  and,  as  far  as  they  have  extended,  confirmed 
by  those  of  the  author.  It  is,  however,  not  a  little  surprising,  that  the 
rial  organic  characteristic  of  these  worms  should  have  eluded  the  eye  of  an 
ingenious  observer,  who  had  attained  to  a  point  bordering  closely  on  a  true 
aolution  of  the  problem,  vis.  the  real  mechanism  of  the  proboscis  and  auo^ 
phagus.  And  in  relation  to  the  function  of  that  large  glandular  mass  which 
constitutes  so  considerable  a  proportion  of  the  whole  bulk  of  the  worm» 
M.  Quatrefages  shares  the  erroneous  views  already  propounded  by  Cttvier,  both 
describing  it  as  a  reproductive  (ovarian)  organ. 

In  the  year  1844  Prof.  CErsted  of  Copenhagen  published  an  important 
contribution  to  the  anatomy  and  systematic  description  of  the  Nemertim  *• 
The  diagnostic  descriptions  of  this  observer  prove  beyond  question  that  he 
also  missed  the  right  clue  to  the  secret  of  the  true  organization  of  these 
worms ;  he  describes  the  buccal  fissures  as  designed  to  admit  water  into  con- 
tact with  the  heart  for  the  purposes  of  respiration.  He  describes  the  anal 
orifice  as  having  a  terminal  situation .  He  states  that  the  proboscis  is  *'  nullum 
exsertUe"  and,  uke  Cuvier  and  Quatrefages,  he  falls  into  the  error  of  charac* 
tensing  the  '  glandular  organ,*  which  occupies  nearly  the  whole  length  of  the 
body,  as  the  reproductive  apparatusf  •    In  fact,  the  difierenoes  between  the 

*  Bntwarf  einer  systemstischeii  EiniheUungimd  ipeeiellsn  Bescbreibnng  der  Plattwiinner, 
Kdpenhsgen,  1844,  p.  76. 

t  By  M.  (Ertted  the  NemertkU  are  regaided  ai  a  suborder  of  Kermet  Apodf,  sad  an 
characterized  as  follows : — *'  Corpus  lineare  teretiusculum  rarius  depressum,  nnilto  lotigiiis 
quam  latins,  indittiDCte  aunulatum,  mncosum,  ciliia  vibnuitibus  obaitum  i  musculi  distincti. 
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results  of  the  inqairies  of  (Ersted  aod  those  obtained  through  the  author's 
investigation  are  so  striking  and  irreconcileable,  that  one  or  other  of  them 
most  be  egregiously  false.  Ilathke  has  published  descriptions  of  what  he 
announces  as  new  species  of  NemerHnida.  As  our  desire  is  in  this  place  only 
to  refer  to  such  points  of  structure  as  relate  to  the  alimentary  system,  it  is 
necessary  merely  to  report,  with  reference  to  the  descriptions  of  M.  Rathke, 
that  some  of  the  diagnostic  characters  are  thus  given.  '^At  the  anterior 
margin  of  the  body  a  small  opening  was  found  which  Rathke  did  not  regard 
as  a  mouth,  which  lies  further  down  on  the  abdominal  side,  and  is  represented 
by  a  large  longitudinal  cleft  On  the  right  and  left  of  the  anterior  end  of 
the  body  is  a  boat-shaped,  superficial,  longitudinal  furrow,  to  which  a  strong 

bundle  of  nerve  passes  from  the  red  ganglion  of  the  brain The 

intestine,  running  out  straight  at  the  posterior  end  of  the  body,  contained  a 
whitish  slimy  fluid,  from  which  circumstance  this  author  conjectures  that  the 
ffform  sucks  its  nourishment  from  other  white-blooded  animals,  as  a  great 
number  of  small,  thin,  cuticular  sacs,  which  were  attached  in  a  single  row, 
behind  each  other,  on  the  inner  side  of  the  body  of  this  worm,  contained  in 
some  individuals  distinct  eggs,  and  in  others  sperm-celb.  Under  the  dorsum 
runs  a  very  long  snow-white  and  spiral  canal,  which  is  very  muscular,  and 
lies  bulged  out  like  a  proboscis  at  the  opening  first  mentioned.  Rathke  con- 
fesses that  he  could  not  stjcceed  in  determining  its  use." 

By  Ehrenberg  it  is  held  that  the  part  described  by  the  preceding  authors 
as  an  alimentary  canal  is  really  an  egg-paf»age,  while  he  regards  the  white 
apiral  organ  as  the  alimentary  canal.  Enough  has  been  cited  historically,  to 
convey  to  the  comparative  anatomist  some  conception  of  the  chaos  and  dark- 
ness which  brood  over  the  problem  of  the  organisation  of  this  genus  of  An- 
nelids. The  observations  of  Mr.  H.  Goodsir*  on  this  subject  must  not  be 
omitted.  By  this  author  a  description  of  two  species  of  Nemertinida  is  pub- 
lished, one  under  the  name  of  Serpentaria,  the  other  under  that  of  Nemertes, 
With  reference  to  the  former  species,  Mr.  Goodsir  observes  that  the  anterior 
extremity  of  the  body  is  pointed,  with  the  proboscidean  orifice  obscure  and  im- 
perfectly developed;  the  male  generative  apertures  on  each  side,  and  the  cloaca 
on  the  abdominal  surface  immediately  behind.  Mr.  Goodsir  further  states, 
that  as  the*  animal  has  no  true  proboscis,  the  proboscidean  orifice  is  very 
small  or  imperfectly  formed,  which  renders  it  difficult  to  be  seen.  On  each 
side  of  the  rostrum  there  is  to  be  seen  a  longitudinal  narrow  slit,  generally 
closed,  and  communicating  with  the  male  generative  system.  Immediately 
behind  these,  and  on  the  abdominal  surface,  is  another  larger  orifice,  which 
the  animal  has  the  power  of  opening  and  shutting  at  pleasure.  When  open  it 
Is  of  an  ovoid  shape.  The  edges  are  serrated.  This  leads  to  a  large  longitu- 
dinal cavity  which  runs  through  the  whole  length  of  the  body,  but  for  a 
considerable  extent  anteriorly  is  continuous  and  very  much  dilated ;  in  the 
remainder  of  its  extent  it  is  more  confined  and  interrupted  by  the  ovaries 

nonveronenri(?).  Oculi  2, 4, 6, 8, 10.  Multi  vel  nnlli.  Organs  respiratoria  spedalia  nuIU, 
vel  fittone  respiratorise  laterales  in  capite  aqne  ad  cordum  parietes  aditnm  concQiantet. 
Circulatio  complete  et  corda  duo.  Tubus  cibariua  simplex  cum  oris  aperlura  infera  (rarius 
terminali)  et  ano  terminalL  Os  nullum  ezsertile.  Sexus  duo,  in  utroque  organnm  oopula- 
tionis  stimulandse.  Testiculi  et  ovaria  cava  ne  minimum  quidem  forma  inter  se  discrepantia 
tantum  modo  contento  (ovulis  aut  spermatozoiB)  complura  in  utroque  latere  uniusci:gusque 
segment!."  It  wiU  be  found  that  this  diagnosis  corresponds  in  no  essential  point  with  the 
statement  given  in  the  text  of  the  anatomy  of  Nemertmida ;  and,  moreover,  the  inaocora- 
cies  into  which  (Ersted  has  fallen  exemplify  the  importance  of  resting  all  *  diagnoses '  on 
carefolly  instituted  dissections.  Anatomy  alone  should  be  the  basis  of  all  correct  specific 
descriptions, 
f  Annals  and  Magazine  of  Nat  Hist,  June  1845. 
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which  lie  on  each  side  of  it.  All  that  portion  of  the  body  in  which  the 
common  cavity  is  continuous  and  dilated  consists  of  one  annulus,  but  the 
succeeding  or  terminal  is  composed  of  a  great  many,  each  about  the  eighth 
of  an  inch  in  length. 

Each  of  these  separated  annul!  contains  all  the  elements  of  the  perfect  or 
original  animal,  viz.  a  male  and  female  generative  apparatus,  the  cavity  com- 
mon to  the  generative,  digestive  and  respiratory  functions.  Serpentaria 
therefore  is  a  composite  animal,  each  perfect  individual  consisting  of  numerous 
and  apparently  still  unformed  or  imperfectly  formed  individuals. 

With  respect  to  Nemertes,  Mr.  Goodsir  makes  the  following  observations. 
Anterior  extremity  of  the  body  rounded,  somewhat  quadrtlobate,  with  the 
proboscidean  orifice  in  the  centre.  Male  generative  apertures  on  each  side. 
Cloaca  or  abdominal  surface  immediately  behind.  The  anterior  extremity 
is  slightly  quadrilobate,  and  in  the  centre  there  is  a  small  foramen,  through 
which  a  long,  narrow,  extensile,  trumpet-shaped  proboscis  can  be  protruded 
at  the  will  of  the  animal.  On  each  side  of  these  are  two  narrow  longitudinal 
slits  similar  to  those  in  Serpentaria  ;  these,  as  already  mentioned,  are  aper- 
tures to  the  male  generative  apparatus,  which  consists  of  two  long,  narrow 
cellular  tubes,  running  down  each  side  of  the  body.  The  cloaca  on  the 
abdominal  surface  of  the  body  is  small  and  rounded,  and  opens  into  an  oblong 
cavity,  similar  to  that  of  Serpentaria.  With  reference  to  an  alleged  orifice 
at  ihe posterior  termination  of  the  body,  Mr.  Goodsir  states  that  the  opening 
was  su  large  that  it  appeared  in  process  of  filling  up  after  the  last  separation, 
admitting  thus  the  fact  of  the  existence  of  a  termittal  anal  orifice.  This 
excellent  observer  proceeds  to  remark,  "that  the  leading  features  in  the 
structure  of  both  these  species  are  similar.  The  large  common  cavity  in 
both  species  is  common  to  the  respiratory,  digestive  and  generative  systems. 
The  water  in  which  the  animal  lives  is  transmitted  tkrofigh  this  cavity^  and 
thus  acts  as  a  means  of  respiration.  In  Serpentaria  it  acts  I  would  say  al- 
most altogether  as  an  organ  of  digestion,  and  for  this  purpose  its  construction 
28  slightly  different  from  that  of  Nemertes,  in  which  animal  the  structure 
approaches  more  to  that  of  the  true  Planaria,  in  so  far  as  it  is  endowed  with 
an  extensile  trumpet-proboscis,  which  is  continuous  with  a  large  puckered-up 
tube  running  along  the  upper  and  central  part  of  the  common  cavity,  and 
which,  contrary  to  the  supposition  of  Rathke  and  other  naturalists,  is,  accord* 
ing  to  the  opinion  already  expressed  by  Ehrenberg,  the  intestinal  canal.  It 
is  tied  down  at  intervals  by  strong  fibrous  or  muscular  bands  (mesentery), 
which,  when  unwound,  allows  the  intestine  to  escape  from  its  attachments. 
The  ovaries  which  run  down  on  each  side  of  the  body  have  no  means  of 
throwing  ofi^  the  ova  except  into  the  common  cavity.  It  appears  to  me 
therefore  that  Ehrenberg  is  correct  in  supposing  that  cavity  to  be  an  egg- 
passage,  and  in  Serpentaria  this  is  more  fully  shown  than  in  Nemertes" 

From  the  preceding  quotations  it  is  obvious  that  Mr.  Goodsir  s  ideas  with 
reference  to  the  anatomy  of  the  NemertinidiB  are  by  no  means  clearly  defined ; 
he  first  states  that  there  exists  a  terminal  anal  orifice,  while  at  the  same  time 
he  describes  the  presence  of  a  cloaca  on  the  abdominal  surface  not  far  from 
the  head  ;  he  affirms  that  the  water  is  admitted  directly  into  the  great  cavity 
of  the  body,  contending  at  the  same  time  that  in  this  cavity  the  threefold 
office  of  respiration,  digestion  and  generation  is  discharged.  It  will  be  here- 
after shown  that  the  views  of  Mr.  Goodsir,  in  relation  to  the  plan  of  structure 
on  which  these  eccentric  Annelids  are  organized,  difibr  most  widely  from 
those  to  which  the  author  of  this  Report  has  been  conducted  by  his  own 
investigations,  and  which  are  now  published  for  the  first  time. 
1851-  R 
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In  the  recently  published  researches  of  M.  Emile  BUnchard*  on  the  an«r 
tomy  of  the  Entozoa,  physiological  opinions  are  expressed  which  lend  support 
to  the  errors  already  exposed. 

This  naturalist,  to  whom  science  is  so  much  indebted,  characterised  the 
voluminous  spongy  oi^an  which  constitutes  by  far  the  greatest  part  of  the 
bulk  of  each  segment  of  TVenia  Solium  as  the  true  ovary,  entering  into  mi- 
nute details  to  prove  the  existence  in  each  ring  of  an  oviduct  and  vulva,  and 
asuperaddedsperm-producingapparatus,  demonstrating  thus  the  independence 
of  each  segmental  division,  as  regards  at  least  the  reproductive  system.  M< 
Blanchard  recognises  in  the  minute,  lateral,  smooth«sided  and  tmaacculated  tu- 
bular threads,  running  strcUghtfy  in  parallelism  with  each  border  of  the  body, 
what  he  calls  the  <<  gastric  canals,"  communicating  with  each  other  by  means 
of  commissural  transverse  branches.  A  system  of  true  blood-vessels  coin- 
ciding in  distribution  with  the  former  is  also  described  by  this  anatomist 

Now,  if  the  views  of  M.  Emile  Blanchard  be  true  with  reference  to  the 
organization  of  the  cestoid  Entozoa,  tliose  now  to  be  propounded  in  rela- 
tion to  the  anatomy  of  the  Nemertinidm  must  be  untrue.  Both  cannot  be 
admitted  into  the  category  of  truth;  they  are  irreconcileably  opposed. 
Though  at  variance  with  the  fashionable  doctrines  of  the  schools,  it  may  be 
enounced  as  an  absolute  law,  that  in  the  ceconomy  of  all  inferior  oiganisiitf 
the  alimentary  exceeds  the  reproductive  system  in  size  and  importance.  Tbe 
gastric  and  intestinal  organs  form  in  all  instances  a  considerate  part  of  the 
bulk  of  the  body.  The  dissections  of  M.  Blanchard  have  reduced  those  of 
Tania  to  dimensions  of  utter  insignificance.  His  descriptions  are  sanctioned 
by  no  analogy.  It  is  not  difficult  to  demonstrate  that  the  zoological  affinitiei 
of  the  cestoid  Entozoa  suggest  conclusions  with  regard  to  their  organization 
which  the  isolated  and  undirected  results  of  dissections  cannot  dispro?e. 
When  however  the  mind  of  the  anatomist  is  first  awakened  to  a  conception 
of  the  typical  principle  of  structure  which  prevails  throughout  the  NemerA' 
nida,  PlanaruB,  Trematoda,  on  the  ground  of  their  zoological  consecutive- 
Deas  in  the  scale,  he  will  cease  to  doubt  that  the  same  principle  of  structure, 
though  opposed  to  his  anatomical  observations,  obtains  amongst  the  osttoid 
Entozoa.  It  is  really,  however,  in  practical  anatomy  easy  to  establish  a  unity 
of  plan  in  the  organization  of  this  series.  The  direct  continuity  of  the  Ento- 
zoan  and  Annelidan  chains  is  rendered  unquestionable  by  investigations  thus 
directed.  Although  the  laborious  researches  of  M.  Emile  Blanchard  reuder 
it  probable  that  no  oral  orifice  t  exists  in  Ttenia,  the  digestive  character  of 

*  Annales  des  Sciences  Natorelles,  1848, 1849. 

f  At  the  present  stage  of  my  inyestigatioiu,  I  by  no  nesns  desife  to  oommit  myielf  to  tins 
doctrine.  On  the  faith  of  the  trustworthiness  of  M.  Blanchard  as  an  obserrer,  T  concede  lor 
the  present,  argw/nenti  gratia^  the  probable  truth  of  his  results.  But  on  this  admission  it  is 
not  difficult  to  show  that  Tama  is  clearly  within  the  boundaries  of  the  plan  of  structure  on 
which  the  Nemertinidm  (under  which  designation  I  would  rank  the  freshwater  Gur^Mde^ 
the  Pknuariadce,  the  genera  SorCsmo,  lAnmt  and  Strpmimia  (Goodnr))  are  orgaaiaed.  I 
have  hitherto  enjoyed  only  an  imperfect  opportunity  of  dissecting  the  Tape-worm,  my  ob- 
servations having  been  confined  to  a  few  segments  from  the  nud-body ;  but  I  have  seea 
enough  of  its  structure  to  convince  me  that  it  falls  within  the  t^'pe  prevsJent  throughout  the 
LhUadcBt  Borlatia  and  PUmaria ;  that  the  great  central  organ,  which  hitherto  all  anatomists, 
including  M.  Blanchard,  have  concurred  in  regarding  as  the  ovarian  apparatus,  if  m  imtk  « 
great  digestive  occmn.  ffit  be  true,  as  affirmed  by  Prof.  Owen,  and  after  hira  by  M.  Bliii- 
chancdf  that  neither  an  oral  nor  an  anal  orifice  exists  in  Tania,  then  the  alimentary  fluid  upoa 
which  the  parasite  subsists  must  be  drawn  by  suction  through  the  suctorial  discs,  directly 
into  the  interior  of  the  digestive  caecum  ;  and  as  these  suctoricJ  discs  are  not  perforated,  birt 
covered  by  a  porous  membrane,  the  food  h  Jittered  u  it  is  being  drawn  into  the  body.  Hub 
arrangement,  however,  by  no  means  requires  that  any  o^er  tfatti  a  digeetiee  fttaction  ahoold 
be  assigned  to  the  spongy  oi|^a  commonly  Hqowb  «•  the  ovmivm  i  for  in  JBortaiia,  Umm 
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the  •o*called  ovarium  is  rendered  not  the  less  probable.  It  will  afterwards 
become  apparent  that  two  distinct  lines  of  inquiry  converge  upon  the  infer- 
ence that  this  <'  ovarium  "  of  authors  is  a  true  digestive  caecum  on  a  large 
S(»ila;  that  it  is  filled  by  a  chylous  fluid,  charged  with  organized  corpuscles ; 
that  iU  parietes  are  organized  with  especial  view  to  supply  a  secretion  by 
which  the  fluid  contents  are  assimilated ;  and  that  the  whole  force  of  analogical 
inouiry  supports  the  view  which  assigns  to  other  structures  exterior  to,  and 
independent  of  this  organ,  the  functions  of  reproduction.  It  is  proposed  at 
this  place  to  enter  into  the  details  of  the  demonstrations  which  the  author 
has  to  ofler  with  reference  to  the  anatomy  of  the  genera  Borlasia^  Lineus 
and  Oordius.  The  grounds  will  then  become  intelligible  on  which  he  enter- 
tains the  belief  that  the  principles  of  structures  developed  by  these  researcheSi 
when  extended  to  the  instances  of  the  cestoid  Entozoa,  will  prove  no  less 
exact 

The  whole  exterior  of  the  body  in  these  worms  is  one  continued  scene  of 
ciliarv  vibration.    This  extraordinaiy  fact  it  is  essential  to  remember,  since 
it  will  be  found  to  bear  corroboratively  on  the  views  afterwards  to  be  ex** 
plaioedi  as  to  the  uses  of  structures  hitherto  held  as  enigmatical *<    At  a 
point  a  little  posterior  to  the  extreme  end  of  the  rostrum,  and  corresponding 
with  what  CErsted  has  designated  ^#<i«r<s  retpiraiorim  lateraJeSf  the  cilia 
asaume  an  augmented  size^  appearing  in  this  situation  as  though  supplied  to 
guard  fissural  openings  leading  into  cavities.    These  apparent  openings  are 
really  only  depressions,  spaces  left  between  the  cervical  muscles,  in  order  to 
make  room  for  the  heart,  which  is  situated  on  each  side  immediately  under- 
neatby  to  expand.     The  red  colour  of  these  two  spots  on  either  cheek  is  due 
to  the  blood  in  the  heart,  which  ^Plate  XI.  fig.  64  a,  a)  is  a  bilocular  organ* 
Tlie  blood  colour  of  these  spots  has  led  neariy  all  observers  to  the  mistake 
of  supposing  that  the  ofi^ce  of  respiration  is  circumscribed  to  these  limited  fis* 
siires*    The  microscope,  which  resolves  the  part  into  its  component  elements, 
famishes  a  direct  disproof  to  this  view.   In  structures  devoted  to  respiration, 
the  blood  is  uniformly  divided  and  subdivided  into  the  minutest  streams* 
In  this  part  this  fundamental  law  is  violated,  for  here  the  blood  is  accumu- 
lated into  one  large  cardiac  chamber.    In  these  Annelids  the  proboscidean 
orifice  is  not  terminally  but  ventrally  situated.    It  is  slightly  behind  and  on 
ihe  abdominal  surface  of  the  conical  snout  which  forms  the  cephalic  termi* 
uttdtm  of  the  body*   In  itself  this  opening  is  a  simple  longitudinal  slit,  adapted 
for  no  mechanical  purpose.    Its  sides  are  smooth,  and  armed  with  no  mechar* 
oical  instruments-    It  is  merely  an  opening  through  which,  in   Borkuia, 
laneus  and  Gorditu^  a  powerful  and  an  extremely  long  proboscis  is  pror 
traded  (fig*  64  B).    The  extremity  of  this  organ  is  armed  with  several  sty^ 
leted  jaws  (fig.  64  c),  which,  from  their  construction,  seem  designed  only  to 
fix  the  suctorial  end,  by  perforating  tlie  alimentary  object*    When  the  pro- 
boscie  is  withdrawn  into  the  interior  of  the  body,  fitting  admirably  into  a 

and  Cfordius,  iht  SDStomj  of  which  my  disiections,  I  trust,  have  reduced  to  dear  demonitnu 
tion,  the  '  alimentary  organ/  the  great  digestive  caecum,  which  both  in  general  and  ultimata 
structure  is  the  exact  counterpart  of  what  is  called  in  Tdmia  "  the  ovary,**  has  been  proye4 
beyond  dispute  to  have  no  direct  external  communication.  Its  contents,  therefore,  which 
the  microscope  demonstrates  to  consist  of  an  organized  corpusculated  fluid,  of  a  milky 
duKBtfter  (the  coirelate  of  that  which  In  other  Entozoa  and  Annelida  occupies  the/9#W/onMl 
duuubert  i«  e»  emterior  to  the  alimentary  organ),  cannot  be  excrementitions ;  it  is  cbyloua. 
It  is  the  pabulum  which  in  part  supplies  ihe  matei^s  out  of  which  the  blood-proper  is  formed, 
md  by  which,  in  part  probably,  tne  work  of  solid  organization  is  accomplished, 

*  I  have  not  yet  sacceeded  in  actually  proving  the  existence  of  cilia  on  the  integuments 
gf  Gordms ;  fnm  the  resemblanfis  of  ite  internal  itmctnre,  howe?er,  to  that  of  ths  IMfldis, 
of  which  this  cotaneous  awr&oe  is  richly  oUiated,  it  is  fciuccely  rash  to  believe  that  bi  it  alsp 
these  motive  organules  will  be  found  to  exist. 
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short  oesophagus,  these  sharp  instruments  are  packed  and  folded  upon  them- 
selves. M.  Quatrefages,  ignorant  of  the  protrusibility  of  these  parts,  wrongly 
conceived  that  this  was  the  permanent  and  immoveable  position  of  these  parts, 
and  described  the  chambers  in  which  the  jaws  were  lodged  as  ^^pockes  d 
stylets"  The  appearance  of  cavities  or  pouches  is,  however,  altogether  delu- 
sive, and  depends  upon  the  closing  round  the  jaws  of  the  sides  of  the  pro- 
boscis. This  organ  in  Linens  hngissimus  (Sowerby)  is  positively  several 
feet  in  length,  and  constitutes  a  formidable  instrument  of  offence*. 

It  is  remarkable  that  the  very  existence  of  this  proboscis  has  escaped  the 
observation  of  the  many  excellent  observers  by  whom  from  time  to  time  and 
under  different  names  it  has  been  accurately  described.  This  organ  is  pro- 
vided with  a  thick  stratum  of  papillose  glands  (PI.  XI.  fig.  64*  d)^  by  which 
doubtless  a  secretion  is  furnished  important  to  the  digestive  process.  This 
glandular  salivary  product  is  poured  into  the  channel  of  the  proboscis  :  thence 
it  finds  its  way,  mingling  with  the  fiuid  food,  into  the  cesophagus  («),  wherein 
it  sojourns  for  a  short  period,  and  thence  trafistideSy  by  exosmose,  through  the 
parietes  and  reaches  the  cavity  of  the  great  alimentary  organ  (/},  where  it 
assumes  by  slow  assimilation  a  higher  organic  standard,  becoming  probably 
fitted  to  nourish  the  solids  of  the  body,  and  to  replenish  the  contents  of  the 
true  blood-vessels.  It  will  be  seen  that  there  is  no  direct  open  communication 
between  the  cssophageal  tube  {e)  and  the  great  alimentary  caecum  (^fyf)y  nor 
between  the  cavity  of  the  kater  and  the  exterior.  The  contents  of  this  great 
cavity  must,  therefore,  in  great  part  at  least,  be  recrementitious,  not  excre- 
mentitious. 

The  oesophageal  intestine  terminates  (fig.G^^)  in  a  distinct  papillose  outlet, 
which  is  situated  at  a  short  distance  posterior  to  the  cephalic  end ;  when  the 
proboscis  is  withdrawn  into  the  interior  of  the  body,  the  oesophagus  lies  in 
the  cavity  of  the  great  alimentary  caecum,  being  traceable  back  to  some  di- 
stance in  the  direction  of  the  tail.  While  in  this  position,  this  tube  may  be 
readily,  as  it  always  has  been,  mistaken  for  a  true  intestine ;  followed  more 
minutely,  however,  it  may  readily  be  observed  to  return  upon  itself  and  ter- 
minate in  the  lateral  outlet  already  indicated.  In  the  mere  mechanical  dis- 
position of  these  parts  an  intimate  analogy  may  be  remarked  between  the 
NemertinidcB  and  the  Sipunculiday  in  which  the  alimentary  canal  coils  upcm 
itself  and  ends  in  an  outlet  situated  ventrally,  about  the  anterior  third  of  the 
body.  In  this  case,  however,  there  is  no  other  alimentary  organ,  in  which 
respect  the  Sipunculida  differ  most  fundamentally  from  the  Nemertimda:. 

The  great  spongy  mass  which  in  the  genera  borlasia,  Lineus  and  Got" 
dius,  constitutes  so  considerable  a  portion  of  the  whole  bulk  of  the  body,  com- 
mences anteriorly,  immediately  behind  the  hearts  (fig.  64  a,  a),  under  the  cha- 
racter of  a  ciBcal  end  (h).  Although  the  oesophagus  enters  {appears  to  per- 
forate) into  the  contained  cavity  of  this  organ  at  this  situation,  yet  the  interior 
of  the  latter  is  not  laid  open,  for  its  parietes  are  reflected  over  and  embrace 
those  of  the  oesophagus.  Nor  is  it  possible  to  discover  at  any  part  of  the 
course  of  this  tube  any  direct  opening  of  any  sort  leading  from  it  into  the 
cavity  of  the  digestive  cacum.  It  is,  notwithstanding,  from  the  relative  con- 
nexion of  these  parts^  impossible  to  doubt  that  the  food  passes  from  the 
oesophagus,  after  a  short  detention  therein,  for  the  purpose  of  insalivation, 
into  the  interior  of  the  digestive  caecum.  In  the  absence  of  all  proofs  of  a 
direct  opening  between  these  two  cavities,  the  passage  of  the  food  can  only 
be  accomplished  by  transudation  through  the  parietes  of  the  oesophagus. 

*  Several  spedmens  of  this  extraordinary  worm  have  recently  been  found  on  the  shores 
of  the  Bristol  Channel,  one  by  Mr.  Lewis  Dillwyn,  one  by  Mr.  Moggridge,  and  several  by 
myself. 
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Having  arrived  in  the  chamber  of  this  great  e«ecumi  it  will  of  course  follow 
on  the  same  ground,  that  the  refuse  matter  can  only  escape  by  the  same  me- 
chanism, for  no  direct  outlet  to  this  cavity  can  anywhere  be  discovered.  It 
is  therefore  a  perfectly  closed  sac,  filled  with  a  milky  fluid.  But  it  must  not 
be  overlooked  that  its  interior  cavity  is  considerably  multiplied  by  the  super- 
addition  of  diverdctUa  (fig.  64t,  i)  to  the  sides.  The  parietes  of  these  last  parts 
are  more  glandular,  granular  and  darker  than  those  of  the  ventral  or  dorsal 
aspect  of  the  tube.  This  granular  character  has  been  invariably  misconstrued 
by  every  observer  into  an  evidence  of  the  ovarian  signification  of  these  parts. 
The  microscope  places  the  inaccuracy  of  this  view  beyond  dispute  by  demon- 
strating that  these  ova  (sic)  consist  only  of  oil-globules. 

This  organ  is  tied  at  definite  intervals,  by  means  of  minute  bridles,  to  the 
integument,  according  to  the  manner  in  which,  in  nearly  all  Annelida,  the  in- 
testine is  connected  with  the  cylinder  of  the  integument.  At  its  posterior, 
caudal  termination  it  has  been  proved,  by  repeated  observations,  that  there 
exists  no  orifice;  of  this  fact  there  is  no  doubt.  It  is  then  proved  by  direct 
demonstration  that  there  is  neither  an  inlet  nor  an  outlet  to  this  remarkable 
organ,  and  it  is  hoped  that  evidence  has  been  accumulated  to  superfiuity,  to 
establish  its  digestive  character.  But  through  another  line  of  inquiry  these 
proofs  receive  additional  force.  At  short  distances,  along  the  whole  line  of 
the  body  of  these  worms  on  either  side,  membranous  sacculi  may  be  defined 
with  readiness  in  the  interval  between  the  alimentary  tube  and  that  of  the 
Integument  It  is  on  these  organs  undoubtedly  that  the  office  of  reproduction 
devolves.  If  this  be  not  their  true  function,  no  other  can  be  assigned  to  them ; 
and  if  this  be  their  real  meaning,  it  follows  that  no  other  than  that  of  digestion 
remains  for  that  organ,  which  the  author  has  ventured  to  designate  as  the 
great  qUmentarg  cacum*. 

The  key  to  the  real  organization  of  this  unfamiliar  group  of  Annelids 
having  thus  been  forged  by  the  demonstration  of  the  structure  of  a  few 
typical  and  illustrative  species,  material  assistance  is  afibrded  for  unlocking 
the  difl&cult  anatomy  of  all  the  allied  genera.  Taking  for  groundwork  the 
plan  on  which  the  Planarice  are  formed,  the  anatomist  may  trace  the  indica- 
tions of  the  same  constructional  principle  from  the  genus  Linens,  through 
that  of  .Borlasia,  Gordius,  Mechelia^  Serpentaria  and  Prostomoy  genera  which 
are  characterized  by  the  possession  of  a  long  proboscis  and  short  oesophagus, 
forming  a  system  almost  distinct  from  the  great  digestive  ccBcum.  In  passing 
to  the  PlanarifB,  these  two  prehensile  structures  disappear,  and  the  mouth 
opens  directly,  without  any  intermediate  tubular  arrangement,  into  the  di- 
gestive cavity.  The  csecal  ramifications  of  the  digestive  system  of  the  PUi" 
naruB  are  the  precise  equivalents  of  the  great  digestive  ccBcum  with  its  se- 
condary diverticula,  m  observed  in  the  Nemertinida:. 

The  anatomy  of  the  Planarim  conveys  an  exact  expression,  in  all  its  de- 
tailsy  of  that  of  the  parenchymatous  Entozoa.  The  digestive  apparatus  of  the 
genera  Fasciola  and  Distoma  is  conformable  to  the  same  type.    Like  the 

*  As  it  would  be  out  of  order  to  enter  in  this  place  into  a  detailed  description  of  the  re- 
productiTe  organs  of  these  wpnnsi  no  further  proof  can  be  adduced,  bearing  upon  the  ques- 
tion of  the  digestive  character  of  the  organ  which  in  the  text  I  have  denominated  "  the  great 
digestive  csscnm."  In  the  second  part  of  this  Report,  which  I  trust  will  appear  in  the  next 
year's  Volume  of  the  Transactions,  some  further  observations  on  the  reproductive  organs  will 
DC  added  in  connexion  with  the  subject  of  the  Embryology  of  the  Annelida.  At  present  I 
only  desire  to  indicate  the  example  of  the  Pkmarian  family,  as  sufficient  to  prove  that  in 
them  at  leasts  the  digestive  caeca,  so  exactly  homologous  with  the  alimentary  ctecum  of  the 
Nemertimdie,  have  been  shown  incontestably  to  be  wholly  unconnected  with,  and  indepen- 
dent o^  the  reproductive  system,  the  anatomy  of  which,  in  all  its  minutest  details,  may  be 
defined  with  perfect  cleamew. 
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NemertMdm^  the  PlanaruB  are  provided  with  ciliated  inUguraeiits.  TUl 
general  distribution  of  vibratile  cilia  over  the  cutaneous  aurfaeei  suggettl  tha 
inference  that  the  milky  contents  of  the  digestive  tubules,  in  common  with 
the  t>lood-proper,  undergoes  a  respiratory  change.  And  lastlyi  a  further 
departure  from  the  type  of  the  NemerHmdm  occurs  in  the  CukM  Entatoa, 
for  in  Tania  and  Boikriocq}hahUf  not  only  the  proboscis  and  QBsophagiu 
disappear,  btU  the  motUh  also.  The  digestive  system  remains»  notwithstand- 
ing) essentially  the  same.  By  these  observations^  the  author  hopes  that  aa 
addition  of  some  interest  and  importance  is  made  to  our  knowledge  of  the 
organisation  of  some  of  the  most  curious  forms  of  inferior  life*  ThepliM 
of  study  which  they  are  well  calculated  to  suggest,  may  lead,  in  the  hands  of 
others,  to  much  further  and  more  extensive  results.  They  will  suffice}  he 
trusts,  to  divert  the  attention  of  physiologists  from  the  blood-proper  as  the 
exclusive  fluid  element  of  nutrition,  to  the  study  of  the  characters  of  the 
great  chyl-aqueous  system  of  fluid,  of  the  existence  and  importance  of  whichi 
in  nearly  all  invertebrate  animab,  ample  evidence  has  been  adduced  in  the 
progress  of  this  Report  They  establish  the  principle  formerly  enouncedi 
that  each  constituent  element  of  the  living  organism^  whether^uic/  or  tolH 
in  its  generic  and  specific  phases  is  governed  by  one  undeviating  law.  Hie 
fluids  obey  their  law  and  the  solids  theirs.  Thus  the  successive  memben  of 
the  zoological  series  are  united  at  several  points,  cUl  component  systems  of 
the  organism  displaying  a  consecuHveness  of  development,  a  unity  of  pliSi 
such  that  the  presence  of  each  in  its  allotted  position  is  essential  to  the  re- 
sultant, symmetrica]  unity  of  the  whole. 

RiprodueUve  System. 

No  subject  within  the  domain  of  comparative  anatomy  has  experienced  so 
much  neglect  as  that  which  relates  to  the  structure  of  the  organs  of  repro- 
duction in  the  Annelida.  The  whole  process  of  multiplication  in  these  WonnSi 
as  explained  by  M .  Dug^  and  Sir  £.  Home,  seems  little  else  than  a  myth  or 
a  fable.  A  romance  or  a  fairy  tale,  woven  in  the  picturesaue  language  of  a 
modern  fiction-writer,  could  not  prove  to  the  imagination  or  the  practical  ob- 
server more  full  of  mystery  and  marvel.  Since  the  epoch  of  these  two  ana- 
tomists, no  attempt  whatever  has  at  any  time  been  made  to  determine  the  troe 
characters  of  the  reproductive  organs  of  the  Annelid.  Milne-Edwanb,  to 
whom  science  owes  no  ordinary  gratitude,  has  indeed  resolved  the  enigioa 
of  the  development  of  one  solitary  worm,  viz.  Terdfella  nebulosa.  It  is  to 
be  wondered  at,  however,  that,  while  noting  the  embryological  history  of  this 
worm,  he  did  not  turn  to  the  parent  animd  and  describe  the  organization  of 
the  parts  engaged  in  the  production  of  the  new  being.  It  were  to  serve  no 
purpose  of  historical  interest  to  reproduce  in  this  place  the  descriptions  of 
the  eariier  anatomists.  They  contain  little  of  what  is  true  and  .much  of  what 
is  false.  This  statement  is  not  made  in  the  spirit  of  reproach.  Duges*  instni- 
ments  of  observation,  used  too  on  a  little  restless  worm  almost  itself  micro- 
scopic, could  not  carry  the  eye  to  those  details  of  structure  through  which  alone 
the  real  connection  and  dependence  of  organs  was  to  be  tracked.  The  ob- 
servations of  SirE.  Home,  far  less  fkithful  and  exact,  are  stillleds  entitled  to 
repetition  in  this  place. 

The  Annelida  are  commonly  reputed  to  multiply  the  species,  not  alone  by 
the  production  of  young,  but  also  by  Jission  and  gemnuUian*  With  (i» 
racteristic  gravity,  for  example,  the  learned  Hunterfatt  Professor*  relates^ 
that  "  the  power  of  repairing  injuries  and  reproducing  mutilated  parts  tf 

*  Sections  on  Invertebrate  Animsls,  voLi.  p.  145. 
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oontiderable  in  the  Annelida,  and  espeoialiy  in  the  species  ofLitmbneus  and 
NaiSf  in  which  It  has  been  varionsly  and  extensively  tested  by  the  experi* 
ments  of  Bonnet  and  Spallanaani.  A  worm  cut  in  two  was  found  to  repro* 
duce  the  tail  at  the  out  end  of  the  cephalic  half  and  form  a  new  head  upon 
the  caudal  moiety.  Bonnet*  progressively  increased  the  number  of  sections 
in  healthy  individuals  of  a  small  worm  {Lumhricus  var%egahui)y  and  when  one 
of  these  had  been  divided  into  twenty-six  parts,  almost  cUlcfthem  reproduced 
the  head  and  taitW^  and  became  so  many  new  and  perfect  individuals.  It 
sometimes  happened^  that  both  ends  of  a  segment  reproduced  a  taxL  Wish* 
ing  to  ascertain  if  the  vegetative  power  was  inexhoMetibk^  Bonnet  cut  off  the 
head  of  one  of  these  worms,  and  as  soon  as  the  new  head  was  completed,  he 
repeated  the  act ;  after  the  eighth  decapitation,  the  unhappy  subject  was  re* 
leased  by  death ;  the  execution  took  effect,  the  reproductive  virtue  had  been 
worn  out :  this  series  of  experiments  occupied  two  summer  months.  Since 
many  of  the  smaller  kinds  of  worms  and  Naids  frequently  or  habitually  ex- 
pose a  part  of  their  body,  the  rest  being  buried  in  the  earth,  both  they  and 
their  enemies  profit  by  the  power  of  restoration  of  the  parts  which  may  be 
bitten  off!  With  this  power  of  reproduction  of  lost  extremities  is  associated 
that  of  spontaneous  fission  in  the  genus  Nats*  In  these  little  red-blooded 
worms,  the  last  joint  of  the  body  gradually  extends  and  increases  to  the  rest 
of  the  animal ;  its  anterior  part  begins  to  thicken  and  to  be  marked  off  by  a 
deeper  constriction  from  the  penultimate  link.  In  the  Nais  proboeddea  a 
proboscis  shoots  out  from  it  like  that  on  the  head,  and  it  is  then  detached 
from  the  old  Nais,  It  often  shoots  out,  previously  to  its  separation,  another 
young  one  from  its  own  lost  joint  in  a  similar  way,  and  three  generations  of 
Naids  may  thus  be  organically  connected,  and  forming  one  compound  indi- 
vidual." 

On  the  authority  of  hundreds  of  observations  laboriously  repeated  at  every 
season  of  the  year,  the  author  of  this  Report  can  declare  with  deliberate  firm* 
ness,  that  there  is  not  one  word  of  truth  in  the  above  statement.  It  is  because 
accounts  so  fabulous  have  been  rendered  *'  respectable"  by  the  fact,  that  Pro* 
fessor  Owen  has  thrown  over  them  the  aegis  of  his  great  authority,  that  they 
demand  a  contradiction  which  may  displease  by  the  strength  of  the  language 
in  which  it  is  given. 

The  following  is  another  illustration  of  the  extraordinary  degree  to  which 
the  groundless  fancies  of  the  older  observers  have  taken  captive  the  imagina- 
tion of  the  modems : — <<  In  the  class  Annelida  we  still  find  that  gemmation 
performs  a  very  important  part  in  the  act  of  reproduction ;  the  multiplica- 
tion of  similar  segments,  which  is  so  remarkable  in  many  members  of  this 
group,  being  almost  entirely  due  to  it;  and  a  spontaneous  division  some* 
times  taking  place  by  which  the  parts  thus  produced  are  detached  from  one 
another,  sometimes  In  such  a  condition  that  they  must  be  regarded  as  per- 
fect Individuals,  whilst  in  other  cases  they  seem  little  more  elevated  in  the 
scale  of  animality  than  are  detached  ovigerous  segments  of  the  Tcenia.  A 
complete  reproduction  by  gemmation  succeeding  by  spontaneous  fission,  may 
be  seen  to  take  place  in  Nais^  a  worm  which,  though  aquatic  in  its  habitsi 
belongs  to  the  order  TerricolcB.  After  the  number  of  segments  in  the  body 
has  been  greatly  multiplied  by  gemmation,  a  separation  of  those  of  the  pos- 
terior begins  to  take  place ;  a  constriction  forms  itself  about  the  beginning 
of  the  posterior  third  of  the  body,  in  front  of  which  the  alimentary  canal 
undergoes  a  dilatation,  whilst  on  the  segment  behind  it,  a  proboscis  and 
eyes  are  developed,  so  as  to  form  the  head  of  the  young  animal  which  is  to 
be  budded  off;  and  in  due  time,  by  the  narrowing  of  the  constriction,  a  com* 
*  (EuvTCB,  VOL  L  pp.  117*245. 4to,  1779. 
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plete  separatiou  is  effected  and  tbe  young  animal  thenceforth  leads  an  iiHle- 
pendent  life.  Not  unfrequently,  however,  before  its  detachment,  a  new  set 
of  segments  is  developed  in  front  of  it,  which  in  like  manner  is  provided  with 
a  head  and  separated  from  the  main  body  by  a  partial  constriction ;  and  the 
same  process  may  be  repeated  a  second  and  even  a  third  time ;  so  that  we  may 
have  in  this  animal  the  extraordinary  phsenomenon  of  four  worms  which  are 
afterwards  to  exist  as  separate  individuals,  united  end  to  end,  receiving 
nourishment  by  one  mouth  and  possessing  one  anal  orifice.  A  similar  phse- 
nomenon  has  been  observed  in  several  genera  of  the  dorsibranchiate  order  ; 
but  the  gemmae  thus  detached  are  not  complete  individuals,  for  each  con- 
sists of  little  else  than  a  generative  apparatus,  with  the  addition  of  locomo- 
tive organs ;  thus  bearing  a  similar  relation  to  the  parent  stock,  which  does 
not  form  generative  organs  of  its  own,  to  that  which  is  borne  by  the  Medusae- 
buds  to  the  Polype-stock. 

^<  In  the  one  case,  as  in  the  otiier,  it  must  be  improper  to  reckon  the  gene- 
rative segments  of  a  new  generation,  since  they  are  merely  the '  complements* 
of  the  organism  that  would  be  incomplete  without  them. 

**  As  many  as  six  of  these  generative  offsets  havQ  been  seen  in  continuity 
with  each  other,  and  with  the  parent  stock,  by  Prof.  Milne-Edwards,  the 
most  posterior  being  evidently  the  oldest,  and  one  in  direct  connection  with 
the  parent,  consisting  an  yet  but  of  a  few  segments  and  being  obviously  the 
youngest.  A  similar  detachment  of  a  generative  segment  has  been  observed 
among  the  TubicoUe,  There  are  several  Annelids  which  may  be  multiplied 
by  arti6cial  sub-division,  each  part  being  able  to  grow  up  into  the  likeness 
of  the  perfect  animal,  though  they  do  not  spontaneously  reproduce  them- 
selves in  this  mode*." 

The  whole  of  this  subject  is  not  easy  of  proof;  experiments  conclusively 
and  unexceptionably  conducted  must  extend  over  a  considerable  time^  and 
should  be  followed  out  under  the  most  favourable  circumstances- of  leisure 
and  opportunity ;  a  very  large  portion  of  the  subject  may,  however,  even  with 
our  present  acquaintance  with  the  habits  of  the  Annelida,  be  very  confidently 
dbposed  of.  1st,  as  to  the  spontaneous  division  of  the  body.— It  is  true  that 
towards  the  latter  end  of  every  summer  two  species  of  worms  are  multiplied 
by  a  cutting  across  of  the  body  at  one  or  more  points.  If  the  fission  occurs 
at  more  than  one  point,  the  animal  becomes  of  course  divided  into  more  than 
two  pieces.  Thi^  circumstance  seldom  occurs.  The  fission  in  Arenieola 
generally  occurs  somewhere  within  the  middle  third  of  tbe  body,  securing  a 
few  branchial  tufts  for  each  fragment.  The  tail  however  is  sometimes  de- 
tached, and  sometimes  the  division  happens  very  near  the  head.  This  pro- 
cess, both  in  Nais  and  Arenieola^  happens  during  July  and  August  The 
cephalic  and  caudal  pieces  in  Arenieola  continue  for  some  time  to  writhe  in 
the  »and,  somewhat  further  down  in  the  soil  from  the  surface  than  the  per- 
fect individuals.  Towards  September,  the  fragments,  both  that  attached  to 
the  head  and  that  belonging  to  the  tall,  dissolve  away  ring  by  ring,  and 
finall}'  disappear  by  decomposition.  If  the  fragment  examined  be  that  of 
the  tail,  it  will  be  observed,  at  the  point  of  separation,  to  exhibit  an  eversion 
of  the  edges,  placing  the  alimentary  canal  exteriorly ;  and  a  very  evident  in- 
crease of  size  in  the  vessels  also  occurs,  accompanied  by  a  tumified  state  of 
all  the  structures  of  the  part.  From  this  latter  fact  it  is  easy  to  be  misled 
into  the  idea  that  the  vessels  can  become  enlarged  for  no  other  purpose  than 
that  of  repairing  the  injury  done  by  the  fission,  or  perchance  of  reproducing 
the  part  detached  by  that  process.  Such  would  naturally  be  the  meaning 
which  a  physiologist  would  attach  to  the  swollen  appearance  of  the  blood- 
*  Cirpontcr's  Principles  of  Phy«iology,  3rd  ed.  p.  934,  par.  714  «. 
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veflseU.  Bat  such  is  not  the  conclusion  to  wiiich  the  careful  practical  observer 
is  conducted  by  the  study  of  the  actual  phenomena  of  the  process.  It  is  of 
course  indisputable  that  nature  accomplishes  some  adequate  object  by  the 
fission  of  the  body  of  the  worm ;  but  that  object,  whatever  else  it  be,  is  un- 
questionably not  that  of  multiplying  the  species.  The  tail- fragment  never ^ 
as  can  be  proved  by  easy  observation,  produces  a  single  new  ring  or  segment 
of  the  body.  If  this  be  true,  how  completely  improbable  must  be  the  state- 
ment that  the  headless  piece  is  capable  of  reconstructing  a  new  head  I  In 
Arenicola  and  Nais  the  author  can  confidently  declare  that  such  reproduc- 
tive properties  as  those  implied  in  the  reformation,  and  that  too  by  a  remnant 
of  an  integral  part  of  the  body,  do  not  exist.  It  U  equally  inaccurate  to 
maintain  that  a  new  tail  is  formed  by  the  cephalic  fragment.  This  half  of 
the  divided  worm,  like  the  former,  gradually  presents  evidences  of  decay  ;  it 
becomes  less  and  less  irritable,  the  nmscles  and  integuments  begin  to  decom- 
pose, the  blood-vessels  of  the  branchiae  become  black,  and  the  whole  disap- 
pears by  the  dissolution  of  the  structures. 

If,  as  is  commonly  affirmed  by  zootomists,  each  individual  ring  of  the  body 
(soDstituted  a  real  organic  submultiple  of  the  entire  animal,  the  possibility  of 
its  independent  existence  could  be  readily  conceived.  This  however  is  not 
the  case.  In  Arenicola^  Nais  and  Terebella,  and  many  other  species,  the 
reproductive  organs  are  limited  to  the  anterior  two-thirds  of  the  body.  They 
do  not  exist  in  the  caudal  segment.  When  this  latter  part  therefore  is  de- 
tached from  the  cephalic  extremity,  it  is  evident  that  it  cannot  be  regarded 
as  a  iotum  integrum^  a  perfect  animal  in  miniature.  It  wants  the  roost  im- 
portant and  essential  components  of  a  perfect  organism — the  generative  ap- 
paratus, without  which  the,  mind  cannot  realise  the  conception  of  distinct 
individuality.  In  Nais  jUifarmis  the  division  most  frequently  happens  at  a 
short  distance  from  the  head,  through  the  very  middle  of  the  glandular  mass 
of  the  reproductive  organs,  tubes  being  cut  across,  and  the  testicular  glands 
being  bisected.  These  extraordinary  facts, correctly  interpreted, prove  clearly 
that  there  can  be  no  method  in  this  spontaneous  fission  of  the  body,  no  one 
situation  selected  in  preference  to  another,  no  including  of  one  system  of 
organs  and  an  excluding  of  another,  no  definite  intelligible  ruling  principle. 
What  then  can  be  the  meaning  of  such  an  extraordinary  freak  of  nature  ? 
Is  it  an  accident  which  befalls  only  a  few  luckless  individuals  ?  The  sand  of 
the  sea-shore  and  the  mud  of  the  freshwater  pools  ai%  thickly  strewn  with 
the  mutilated  bodies  of  these  worms,  the  former  situation  of  the  Lug,  and 
the  latter  of  the  Naiades.  It  is  a  catastrophe,  in  which  every  autumn  in- 
volves the  whole  community. 

The  following  interpretation  of  the  above  facts,  the  truth  of  which  cannot 
be  disputed,  may  be  presented  as  best  accordant  with  what  is  at  present 
known  with  reference  to  the  history  of  the  reproductive  process  in  these 
worms : — 

1st.  These  Annelids  are  annucds;  the  term  of  existence  is  completed  when 
the  organic  cycle  is  once  accomplished.  They  are  born  during  the  latter 
months  of  one  summer,  and  survive  the  winter,  attain  to  the  maturity  of 
growth,  reproduce  the  species,  and  die  by  the  spontaneous  subdivision  of  the 
body  into  fragments  on  the  arrival  of  the  same  season  of  the  succeeding  year. 
This  brief  round  comprehends  the  history  of  each  individual.  Since  these 
worms  are  monoecious,  each  shares  the  common  fate.  Each  contributes  by 
its  own  death  to  the  multiplication  of  the  species ;  the  species  being  multi- 
pliedy  the  ends  of  its  own  existence  are  accomplished. 

2nd.  For  some  time  before  the  fission  of  the  body  occurs,  the  process  of 
the  maturation  of  the  ova  is  proceeding.  Arrived  at  the  matured  phase,  they 
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escape  from  the  ovarian  system  into  the  A-ee  space  of  tiie  peritonaal  eavit]r» 
wherein  they  sojourn  until  the  next  phase  of  their  growth  nai  been  attained* 
It  is  during  the  period  marked  by  the  presence  of  true  ova  in  the  ehamber 
of  the  peritoneum,  floating  in  the  contained  fluid,  that  the  division  of  the 
body  of  the  parent  animal  talces  place.  In  each  fragment  is  nestled^  incii- 
bated»  a  considerable  number  of  ova.  Filled  still  by  the  fluid  of  the  perito* 
neal  cavi^,  each  fragment  becomes  subservient  to  the  end  of  hatching  the 
young.  It  resists  decomposition  only  for  the  period  required  for  the  ac- 
complishment of  this  purpose.  When  the  ova  are  committed  to  the  sand, 
the  fragment  rapidly  disappears  by  putrefaction.  The  fission  of  the  body, 
thus  interpreted,  becomes  the  last  act  of  the  parental  worm,  since  the  portiona 
into  which  the  body  is  subdivided  by  fission,  never  tahefoodU  The  proboacis 
of  the  cephalic  fragment  is  never  more  protruded  to  take  in  sand.  With  the 
fission  the  necessity  for  food  terminates.  If,  on  the  contrary,  the  division  of 
the  body  were  the  first  step  of  a  real  reproductive  operation,  charaoteriaed 
by  the  superaddition  of  new  segments  to  the  body,  the  reconstruction  of  lost 
heads,  and  the  manufacture  anew  of  departed  taUs,  a  resort  to  physiological 
arguments  were  little  required  to  prove  that  each  fragment  should  grow  vo- 
racious, and  consume  extra  supplies  of  nourishment,  in  order  to  provide  the 
necessary  pabulum  for  the  reparation  of  the  mutilated  parts.  As  this  is  not  the 
fact,  the  inference  is  clear  that  the  division  of  the  body  is  not  the  prelude  to 
a  series  of  reconstructive  operations  by  which  parts  are  made  **  whoies^*'  or 
mutilations  repaired.  The  experiment  of  artificially  bisecting  the  body  of  a 
Nereid  or  an  Earth-worm,  replacing  the  divided  halves  with  care  again  in 
their  native  habitats,  invariably,  in  the  author's  hands,  has  led  to  the  follow- 
ing results. 

The  cephalic  halft  by  this  division  of  the  body,  does  not  lose  tbe  power  of 
locomotion.  In  a  few  days  after  the  operation  it  begins  to  grow  less  active 
and  vigorous  in  its  movements ;  the  annulus  at  the  point  of  division  b^ns 
to  contract  and  wither ;  in  process  of  a  few  more  hours  it  dies — it  mortUBes 
away.  This  process  of  dissolution  creeps  in  the  direction  of  the  head  fhMU 
one  segmental  ring  of  the  body  to  the  other,  until  finally  the  cephalic  remnant 
ceases  to  manifest  any  signs  of  life. 

The  tail-half  immediately  loses  the  power  of  advancing ;  it  writhes  on  one 
spot,  and  that  only  igk  contact  of  some  external  body ;  its  motions  become 
excUed,  not  voluntary  \  it  never  reacquires  the  power  of  swallowing  earth. 
The  process  of  decay  begins  much  sooner  than  in  the  cephalic  half)  and 
extends  in  the  direction  of  the  tail,  implicating  one  ring  after  another  morfe 
rapidly,  until  the  whole  is  involved  in  decay*. 

If  the  Annelid  were  really  endowed  with  the  reproductive  properties,  which 
by  the  most  recent  and  distinguished  naturalists  they  are  reputed  to  poaacis, 
such  marvellous  powers  would  undeniably  have  been  called  into  activity  by 
the  artificial  division  of  tbe  body. 

From  the  analogy  of  the  two  species,  viz.  Arenicola  and  Nats,  on  which 
the  author's  observations  have  been  chiefiy  conducted,  the  conclusion  may 
be  deduced  that  the  "fission  of  the  body"  in  every  other  species  of  Annelida 
in  which  it  occurs,  has  for  object  in  like  manner  to  protect  and  incubate  the 

*  I  have  a  distinct  remembrance  that  many  years  ago,  whilst  studying  physiology  under 
the  zealous  teachership  of  Mr.  Grainger,  experiments  were  reUted  by  that  distinguished 
physiologist,  and  conducted  by  himself,  with  a  view  to  resolve  the  enigma  of  the  •*  mytte- 
rioos  tdcs  popularly  prevalent  vdth  reference  to  the  reproductive  powers  of  the  worma, 
from  which  he  drew  conclusions  precisely  the  same  as  those  expressed  in  the  text.  I  Cin 
now  add  my  testimony  to  the  correctness  of  the  observations,  instituted  for  a  different  pur- 
2»e,  and  so  long  ago,  by  one  who  has  contributed  not  a  little  to  the  advance  of  physiological 


Digiti 


zed  by  Google 


ON  THE  BRITISH  ANNELIDA.  251 

OVA*  In  this  indirect  sense,  and  that  alone,  can  the  *^  spontaneous  division'* 
of  the  body  in  the  Annelid  be  regarded  as  participating  in  the  reproductive 
operations. 

'  All  that  is  known  of  the  embryology  of  the  Annelida  has  been  within  re- 
cent years  only  contributed  by  Milne-Edwards.  The  illustrations  given  by 
him  delineate  the  successive  stages  jSresented  by  the  young  of  Terebelui 
fubulom  in  the  process  of  growth.  As  the  author  of  this  Report  has  yet 
enjoyed  few  opportunities  of  studying  the  development  of  the  young,  he  pro- 
poses for  the  present  to  omit  entirely  that  department  of  his  subject,  hoping 
that  on  some  future  occasion  he  shall  be  able  to  complete  the  history  of  the 
British  Annelids  by  the  addition,  to  the  embryology  of  the  worms,  of  the 
results  of  his  own  personal  inquiries.  Nothing  would  be  here  gained  by 
the  further  repetition  pf  the  oft-repeated  descriptionsofDug^s  with  reference 
to  the  structure  of  the  generative  organs  of  the  Leech  and  the  Naid.  It  is 
remarkable  to  relate,  that  no  anatomist,  from  the  epochs  of  Dug^s  and  Sir 
Everard  Home  to  the  present  time,  has  perceived  that  these  descriptions 
comprise  only  one-half  of  the  sexual  organs  of  these  worms.  It  is  extraor- 
dinary that  none  could  discover  the  physiological  necessity,  even  in  herma- 
phrodite organisms,  for  a  feminine  system,  for  some  ovarian  apparatus.  These 
descriptions  relate  only,  and  that  not  by  any  means  accurately,  to  the  mascu- 
line elements. 

It  will  be  afterwards  proved  that  every  anatomist  who  has  ever  investigated 
the  organisation  of  the  Annelida,  has  mistaken  the  true  utricular  ovana  for 
the  respiratory  saccuH,  If  the  ultimate  structure  of  these  so-called  sacculi 
had  at  any  time  been  made  the  subject  of  minute  examination,  their  real 
nature  as  the  female  generative  system  could  not  have  eluded  the  eye. 
M.  Quatrefages,  whose  figures  have  been  copied  into  the  last  and  best  edition 
(Crochard's)  of  the  '  Rdgne  Animal,'  described  these  ovarian  sacculi  as  **  les 
poches  secrltrices  venant  s'ouvrir  sur  le  dos  par  les  canaux  r^nfi^."  The 
same  author  figures  in  the  same  great  work  the  corresponding  organs  of  the 
Leeeh,  and  speaks  of  ^em  as  *Mes  poches  secr6trices  lat^rales  avec  leur 
caecum.'*  Both  the  figures  and  the  description  prove  that  M.  Quatrefaged 
could  not  have  attained  to  the  remotest  conception  of  the  true  significance 
of  these  organs.  Nor  do  the  figures  given  in  the  <  Rdgne  Animal,'  costly 
and  beautiful  as  they  are  as  works  of  art,  convey  any  but  the  most  egre- 
giously  erroneous  view  of  the  structure  and  anatomical  relations  of  these 
organs.  All  observers  are  liable  to  error,  but  the  errors  of  distinguished 
men,  at  once  ornaments  and  authorities  in  the  walks  to  which  their  genius 
mav  have  been  dedicated,  are  mischievous  in  proportion  to  the  height  firom 
which  they  descend,  and  should  be  combated  at  once  witli  unmeasured 
strength  of  language.  Numerous  examples  might  be  quoted  from  every 
branch  of  science,  of  the  pernicious  influence  which  an  undue  reverence  for 
authority  has  exercisetl  on  the  progress  of  knowledge.  In  no  department  of 
observational  science  has  hereditary  error  grown  so  venerable  by  repetition 
as  In  that  which  embraces  the  Annelidan  division  of  comparative  anatomy. 

The  title  of  the  author  of  this  Report  to  the  merit  of  having  added  some- 
thing new  to  the  traditionary  lore  transmitted  through  a  long  succession  of 
ivstematic  writers,  can  only  be  determined  by  a  comparison  of  his  descrip- 
tions and  figures  with  those  given  in  the  works  of  the  best  and  most  recent 
writers.  In  the  succeeding  account  he  is  desirous  to  describe  minutely  and 
at  length  the  results  of  his  own  investigations.  This  will  prove  more  accept- 
able to  science  than  the  repetition  of  that  which  has  already  been  so  often 
repeated.  The  dissection  of  the  reproductive  organs  in  these  animals  is 
attended  by  many  practical  difficulties ;  it  has  therefore  proved  impossible 
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to  describe  in  minute  detail  the  specific  varieties  under  which  these  oigaos 
occur  in  the  class.  Leading  generic  types  will  however  be  described,  which 
will  serve  to  convey  to  the  mind  a  clear  conception  of  the  structural  laws 
according  to  which  this  system  of  organs  is  constructed. 

Those  of  the  Leech,  Lumbricu*^  Naist  Arenicoloy  Terebella  and  ABfkm, 
will  conduct  the  physiologist  far  towards  a  full  and  complete  conoeptioD  of 
the  ultimate  anatomy  and  relations  of  the  reproductive  organs  in  all  other 
Annelida.  Each  description  will  be  preceded  by  a  summary  of  what  has 
been  up  to  the  present  date  taught  by  the  best  systematic  authors  with  re- 
ference to  these  oi^ns.  The  succeeding  account  is  transferred  from  the 
work  of  Mr.  Rymer  Jones,  the  best  digest  of  comparative  anatomy  at  pre- 
sent known.  "In  the  Leech,  the  glands  which  furnish  the  masculioe  fluid 
are  about  eighteen  in  number,  arranged  in  pairs  upon  the  floor  of  the  visceni 
cavity.  Along  the  external  edge  of  each  series  there  runs  a  common  canal, 
or  fxu  deferens,  which  receives  the  secretion  furnished  by  all  the  testicular 
masses,  placed  upon  the  same  side  of  the  median  line,  and  conveys  it  to  a 
receptacle  whence  it  accumulates.  The  two  reservoirs,  or  vesicuUc  seminakiy 
if  we  may  so  call  them,  communicate  with  a  muscular  bulb  situated  at  the 
root  of  the  male  organ.  This  organ  is  frequently  found  protruded  from  the 
body  after  death  ;  it  is  a  slender  tubular  filament  which  communicates  bf  its 
origin  with  a  contractile  bulb,  and  when  retracted,  is  lodged  in  a  muscular 
sheath.  The  male  apparatus  is  thus  complete.  The  fecundating  secretion 
derived  from  the  double  row  of  testes  is  collected  by  the  two  vcua  d^eraUia 
and  lodged  in  two  globular  receptacles  situated  on  either  side  of  the  bulb; 
it  is  thence  conveyed  into  the  muscular  cavity  which  is  placed  at  the  root  of 
the  male  organ  of  excitement,  through  which  it  is  ultimately  ejected.*" 

The  foregoing  description,  quoted  from  the  work  of  Mr.  Rymer  Jones,  is 
founded  upon  the  original  dissections  of  M.  Duges ;  it  relates  exclusivdy  to 
the  male  apparatus,  and  to  its  general  accuracy  the  author  can  testify  from 
the  results  of  his  own  dissections.  The  passage  which  now  follows  purports 
to  be  descriptive  of  the  correlative  feminine  system  of  the  Leech,  and  is 
taken  from  the  same  excellent  work.  To  it  special  attention  is  invited.  ''  The 
ovigerous  or  female  organs  of  the  Leech  are  fnore  simple  in  their  strudmt 
than  those  which  constitute  the  male  system ;  they  open  externally  by  a  small 
orifice  situated  immediately  behind  the  aperture;  the  penis  is  protruded, the 
two  openings  being  separated  by  the  intervention  of  about  ^we  of  the  ventral 
rings  of  the  body.  The  vulva  or  external  canal,  leads  into  a  pear-shaped 
membranous  bag,  which  is  usually,  but  improperly,  named  the  uterus.  Ap- 
pended to  the  bottom  of  this  organ  is  a  convoluted  canal  which  communicates 
with  two  round  whitish  bodies;  these  are  ovaria.  The  germs,  therefore, 
which  are  formed  in  the  ovarian  corpuscles,  escape  through  the  tortuous 
duct  into  the  uterus,  where  they  are  detained  for  some  time  prior  to  their 
ultimate  expulsion  from  the  body.  The  exact  nature  of  the  uterine  sacculus, 
as  it  is  called,  is  imperfectly  understood ;  some  regard  it  as  a  mere  receptacle 
wherein  the  seminal  fluid  of  the  male  is  received  and  retained  until  the  ova 
come  in  contact  with  it  as  they  pass  out  of  the  body,  and  thus  subjected  to 
its  vivifying  influence  ;  other  physiologists  believe  that  the  germs  escape 
from  the  ovaria  in  a  very  immature  condition,  and  suppose  that  during  their 
sojourn  in  this  cavity  they  attain  to  more  complete  development  before  thej 
are  ripe  for  exclusion;  while  some  writers  go  so  far  as  to  assert  that  leeches 
are  strictly  viviparous,  inasmuch  as  living  young  have  been  detected  in  the  in- 
terior of  this  viscus ;  but  all  these  suppositions  are  easily  reconcileable  with 
each  other:  there  is  no  doubt  the  seminal  liquor  is  deposited  in  this  reservoir 
*  Animal  Kingdom,  by  Rymer  Jones,  p.  200. 
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daring  the  congress  of  two  individuals  ;  neither  would  any  one  dispute  that 
the  ova  are  collected  in  the  same  cavity  before  they  are  expelled  from  the 
body ;  as  to  the  discussion  whether  the  young  are  born  alive  or  not,  or,  as  it 
b  generally  expressed,  whether  leeches  are  oviparous  or  viviparous,  it  is  ia 
this  case  merely  a  question  of  words,  for  in  a  physiological  point  of  view 
it  can  make  not  the  slightest  difference  whether  the  ova  are  expelled  as  such, 
or  whether,  owing  to  their  being  retained  by  accidental  circumstances  until 
they  are  hatched  internally,  the  young  leeches  make  their  appearance  in  a 
living  state*/' 

What  is  described  in  the  preceding  passage  is  righiit/  described.  There  is 
in  nature  what  it  purports  to  define — a  median  pear-shaped  sacculus,  from 
the  fundus  of  which  a  small  coiled  csecal  process  depends.  But  is  it  possi- 
ble, on  any  physiological  principle,  that  this  simple  sacculus  can  be  the  femi- 
nine correlate  of  that  complex,  elaborate  and  highly-developed  testicular 
apparatus  previously  described  in  the  same  animal  ?  Is  it  not  a  priori  impro- 
bable that  one  moiety  of  the  reproductive  system  should  coincide  to  the  An- 
nelidan  type,  namely,  that  of  exhibiting  a  tendency  to  segmental  repetition  in 
a  longitudinal  series, — while  the  other,  and  unquestionably  the  more  important 
half,  should  be  concentrated  into  the  narrow  limits  of  a  solitary  sacculus  ap- 
pended only  to  one  ring  of  the  l}ody  ?  The  median  sacculus  originally  disco- 
vered by  IVi.  Dugds  ches  exist,  but  is  constituted,  as  will  afterwards  be  shown, 
the  least  important  constituent  of  the  generative  system.  Desirous  to  assign  to 
M.  Dugds  the  credit  to  which  he  is  really  entitled,  it  is  now  proposed  to  quote 
the  description  given  by  this  anatomist  of  those  organs  in  the  Leech  which 
he  was  the  first  to  discover,  and  which  he,  and,  after  him,  a// subsequent  com- 
parative anatomists  have  designated  ^*the  respiratory  sacctdi,"  It  will  be 
seen  that  his  descriptive  statement,  with  reference  to  these  **  respiratory  sac- 
cnli,'*  agrees  in  its  leading  points  with  the  anatomical  account  which  the 
author  will  afterwards  have  to  present  of  the  true  and  indisputable  feminine 
element  of  the  reproductive  system  of  the  Leech. 

**  It  has  already  been  mentioned,  that  in  the  Abranchiate  Annelidans,  the 
organs  provided  for  respiration  are  a  series  of  membranous  pouchesy  commu- 
nicating externally  by  narrow  ducts  or  spiracles,  as  they  might  be  termed,  into 
which  aerated  water  is  freely  admitted..  These  respiratory  sacculi  in  the  Leech 
are  about  thirty-four  in  number,  seventeen  being  visible  on  each  side  of  the 
body ;  they  are  extremely  vascular ;  and  in  connection  with  every  one  of  them 
there  is  a  long  glandular-looking  appendage,  which  was  looked  upon  until 
lately  as  being  intended  to  furnish  some  important  secretion,  but  which  re- 
cent discoveries  have  shown  to  be  connected  with  the  propulsion  of  the  blood 
over  the  walls  of  the  breathing  vesicle."  "  On  examining  minutely  one  of 
the  respiratory  pouches,  its  membranous  walls  will  be  seen  to  be  covered  with 
very  fine  vascular  ramifications,  derived  from  two  sources  :  the  latero-abdo- 
minal  vessel  gives  off  a  branch,  which  is  distributed  upon  the  respiratory 
Nicculus ;  and  there  is  another  very  flexuous  vsscular  loop,  derived  from  the 
lateral  vessel  itself,  which  terminates  by  ramifying  upon  the  vesicle  in  a 
similar  manner.  The  walls  of  the  loop  are  extremely  thick  and  highly  irri- 
table ;  but  on  tearing  across,  the  internal  cavity  or  canal  by  which  it  is  per- 
forated, is  seen  to  be  of  comparatively  small  diameter,  so  that  we  are  not  sur- 
prised that,  although  such  appendages  to  the  respiratory  sacs  were  detected 
and  well  delineated  by  Delle  Chiaje  and  Moquin-Tandon,  their  nature  was 
unknown,  and  they  were  supposed  to  be  glandular  bodies  appropriated  to 
•ome  undiscovered  use.  From  the  arrangement  above  described,  it  is  evident 
that  small  circular  currents  of  blood  exist,  which  are  independent,  to  a  certain 

*  Qp.d/.p.201. 
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extent,  of  the  general  circulation  ;  since  opposite  to  each  membranous  bag  a 
portion  of  the  fluid  contained  in  the  lateral  vessel  is  given  off  through  the 
muscular  tube,  which  thus  resembles  a  pulmonary  heart,  and  ftfler  being  dis« 
tributed  over  the  walls  of  the  respiratory  sacculi,  and  in  this  manner  exposed 
to  the  influence  of  oxygen,  the  blood  returns  into  the  general  circulation*/' 
While  the  description  of  M.  Duges,  just  cited,  does  not  very  untruly  represent 
the  mere  anatomical  characters  of  the  parts  to  which  it  relates,  the  error  of 
interpretation  involved  in  his  views,  the  fact  that  he  saw  in  the  wondrous 
structure  displayed  by  these  parts  a  fantastic  mechanism  for  re8piration9  is 
as  extraordinary  as  any  false  conception  ever  known  in  the  history  of  compa- 
rative anatomy. 

It  will  subsequently  be  found  that  his  marvellous  muscular  fusiform  hearts 
for  circulating  the  blood  over  the  so-called  respiratory  sacculi,  are  true  and 
unquestionable  ovarian  tUricleSf  proved  to  be  such  by  the  discovery  in  them 
of  veritable  ova. 

The  respiratory  sacctdus  (of  Dug&),  scrutinized  through  the  searching 
eye  of  the  modern  microscope,  resolves  itself  into  a  simple  vesicle  pendent 
to  the  ovario-uterine  system;  and  the  extraordinary  blood-vessels  of  M. 
Dugds  appear  only  as  tubes  connected  with  these  two  parts  of  the  female  ap- 
paratus. 

The  author  will  now  proceed  to  describe  the  whole  reproductive  system  of 
the  Leech  as  deciphered  by  his  own  investigations.  Having  once  seized  the 
true  key  to  the  interpretation  of  the  physiological  meaning  of  the  several 
component  elements  of  this  system,  the  mere  anatomical  process  of  deter- 
mining its  limits  became  easy  of  execution.  In  the  ordinary  medicinal  leech 
the  whole  apparatus  presents  the  same  characters  in  every  individual  The 
leech  is  therefore  moncecious  or  hermaphrodite.  The  union  of  two  indivi- 
duals is  however  essential  to  impregnation.  This  rule  may  be  stated  to  be 
applicable  to  the  great  majority,  if  not  absolutely  to  all,  of  the  Annelida. 
The  masculine  and  feminine  moieties  of  the  system  bear  to  each  other  a  pro- 
portion of  equality.  The  testicular  bodies  and  ovario-uterine  organules  are 
nearly  equal  in  number,  the  latter  slightly  preponderating  over  the  former. 

The  testes  are  observed  under  the  character  of  small  white  granuUr  bodies, 
disposed  at  short  distances  in  a  longitudinal  series  on  either  siae  of  the  ventral 
median  line  of  the  body  (Plate  VIII^  fig.  65  a,  a,  a,  &c.).  When  forcibly 
compressed,  a  white  fluid  exudes,  which  under  the  microscope  is  found  to 
consist  of  nothing  but  sperm-cells  (C.)  in  various  stages  of  evolution.  To 
each  of  these  testicular  bodies  two  (fig.  QScd^  cd^  &c,)  minute  threads  are 
attached.  The  larger  and  more  obvious  of  these  threacls  (fig.  65  c)  extends 
outwards  at  right  angles  with  the  median  line,  and  joins  a  considerable  chord 
running  parallel  with  the  median  line  (/).  Examined  in  section,  both  the 
transverse  threads  and  longitudinal  chord  prove  to  be  tubes  filled  with  fluid 
thickly  charged  with  sperm-cells,  a  true  male  secretion.  The  longitudinal 
tube  (/)  is  common  to  all  the  testicuhir  bodies;  it  begins  at  the  most  pos- 
teriorly situated  of  these  bodies,  and  ends  in  that  most  anteriorly  placed, 
median  and  azygos  ( /),  to  which  the  intromittent  organ  is  appended ;  meeting 
at  this  mesial  organ  the  corresponding  duct  of  the  opposite  side.  In  addition 
to  the  tubulus  just  described  as  proceeding  from  the  testes,  another  and 
much  smaller  one  ((/,  d,  &c.)  may  be  detected  on  minute  dissection  running 
directly  outwards,  crossing  underneath  the  large  longitudinal  duct  (/$/)  tod 
becoming  united  (as  at  ^,  ffy  g)  to  the  base  of  the  ovarian  utricle.  Traced  io 
the  direction  of  the  bead,  the  longitudinal  duct  is  seen  to  enter  into  a  glan- 
dular body  (A),  which  in  size  is  considerably  greater  than  the  testes  situated 
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posteriorly  to  it  on  the  same  side.  Jo  minute  structure  this  body  is  precisely 
the  same  as  the  bodies  of  the  testicular  series ;  like  them  it  is  filled  with  sperm- 
fluid  ;  the  interior  is  a  cavity.  The  secreting  glandular  structure  is  disposed 
around  the  circumference ;  the  secreted  product  is  thrown  into  the  enclosed 
hollow.  This  description  applies  also  in  every  particular  to  the  other  testi- 
cular bodies,  which  are  like  the  former,  hollow  orbicular  glands.  The  large 
longitudinal  duct  which  serves  as  a  common  channel  of  communication  be- 
tween all  the  testes,  emerges  out  of  the  gland  (h)  under  the  character  of  a 
duct  of  greatly  reduced  size  (t).  This  small  tubular  thread,  traced  with 
minute  care,  may  be  followed  into  the  median  glandule  (J)  to  which  the 
penis  (A)  is  appended.  In  the  median  line  also,  and  some  little  distance  pos- 
teriorly to  the  body  just  described,  may  be  remarked  a  pear-shaped  sac- 
culus  (/)  from  the  unattached  fundus  of  which  a  cecal  coiled  tubule  (m)  is 
prolonged.  Between  this  sacculat;^and  the  other  parts  of  the  reproductive  >c^V 
system,  no  communication  of  any  description  can  be  discovered.  It  seems 
simply  destined  to  receive  the  intromittent  organ  developed  in  connexion  with 
the  gland  situated  in  advance  of  it  on  the  median  line. 

It  may  be  inferred  from  the  character  of  the  whole  system  of  the  testicular 
bodies,  that  the  penis  is  not  an  ejaculatory  organ ;  it  seems  subservient  only 
to  the  purposes  of  sexual  stimulation.  By  all  anatomists,  from  the  date  of 
the  first  description  of  M.  Dug^,  this  sacculushas  been  regarded  as  a  uterus, 
and  as,  in  fact,  constituting  the  whole  of  the  female  element  of  the  generative 
system.  The  convoluted  caecal  tubule  pendent  from  the  fundus  of  this  sac- 
culus,  including  some  undiscoverable  gland  structures  on  either  side  of  it, 
are  commonly  indicated  as  the  ovaria.  Such  anatombts,  whilst  entertaining 
opinions  so  remote  from  the  truth,  and  withal  so  little  probable  on  physiolo- 
gical grounds,  never  could  have  seen  these  parts.  An  ovarian  system  so 
uiterij  disproportionate  to  the  testicular,  if  it  were  true^  would  find  no  prece- 
dent or  parallel  in  the  whole  series  of  invertebrate  animals. 

In  all  hermaphrodite  animals  the  female  elements  of  the  generative  organs 
are  invariably  superior  in  size,  more  elaborately  organized,  and  more  important 
as  constituent  parts  of  the  whole  organism,  than  the  male :  wherefore  should 
the  converse  of  this  rule  obtain  in  the  Annelida  ?  A  cursory  glance  at  the  or- 
ganic necessities  of  the  animal  system  should  have  sufficed  to  convince  the 
physiologist  that  such  a  simply  organized  sac,  so  uncomplicated  in  structure, 
so  unprovided  with  stromatous  tissue  for  the  production  and  development  of 
ova,  could  not  have  proved  adequate  to  those  profound  functions  involving  in 
intimate  sympathy  every  other  of  the  organism  which  are  concerned  in  the 
continuation  of  the  species.  It  was  the  necessity,  thus  perceived  on  theo- 
letical  grounds,  for  some  series  of  organs  which  would  reasonably  answer  to 
the  general  characters  of  a  female  system,  which  first  led  the  author  to  the 
diflcovery  of  that  which  now  remains  to  be  explained. 

In  the  Leech,  the  female  system  consists  of  a  greater  number  of  separate 
parts  than  the  male,  amounting  to  fifteen  or  seventeen  on  either  side,  while  the  . 
testicular  bodies  are  only  nine.  This  system  is  composed  of  a  linear  succes- 
sion of  ybag-pipe  shape,  membranous  sacculi  (fig.  05  6, 6»  ^,  &c),  contracting 
at  botlr  ends  into  two  separate  ducts.  One  of  these  ducts  (h4J^  &c)  termi*  ^  ( 
nates  an  orifice  communicating  externally.  It  is  through  this  orifice  that  the 
ova  and  voung  escape  from  the  ovarian  utricle  into  the  external  medium.  In 
the  Leech,  the  ova  in  this  duct,  in  every  case  yet  examined,  present  an  ob- 
viously greater  decree  of  development  than  those  which  are  found  in  the  duct 
(^9^9  B)  which  communicates  with  the  neighbouring  testis.  At  certain  sea- 
sons of  the  year,  in  the  Earth-worm,  this  duct,  which  may  be  called  the 
tn/ertor  duot  of  the  ovario-uterine  organ,  is  crowded  with  living  youngs  emer- 
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ging  from  the  ova,  and  in  process  of  fifial  extrusion  through  the  external 
orifice.  The  hatched  young  in  the  I^cech  have  never  yet  been  seen  actually 
by  the  author  in  this  situation,  although  the  parts  are  accurately  corre- 
spondent in  the  two  worms.  He  cannot  yet  therefore  state  of  the  Leech  what 
he  can  from  actual  observation  of  the  Earth-worm,  that  it  is  viviparous :  the 
superior  duet  (rf,  dy  &c.)  of  each  ovarian  uterus  passes  underneath  the  com- 
mon longitudinal  chord  (//)  and  opens  into  tlie  true  testicular  duct  (c,  c, 
&c.),  the  two  channels  becoming  united  into  one  just  before  entering  the 
substance  of  the  gland.  It  is  desirable  here  to  warn  the  anatomist,  that  ia 
practice  the  demonstration  of  this  fact  demands  great  patience  and  minute- 
ness of  dissection.     At  B,  fig.  65y  the  ovarian  uterus  is  seeff  still  further 


The  author  now  desires  to  solicit  special  attention  while  he  attempts  to 
explain  the  nature  of  the  connexion  which,  according  to  his  view,  subsists 
between  the  male  organ  or  testis  (fig.  65y  a,  a)  on  the  one  hand,  and  the  egg- 
producing  and  egg-incubating  organ  (fig.  65,  b,  h,  &c.)  or  ovarian  uterus  on 
the  other.  It  will,  he  trusts,  sufllice  to  elucidate  satisfactorily  the  mechanism 
of  seff'impreffnation.  The  testicular  bodies  (a,  a)  secrete  a  true  sperm  fluid, 
the  cells  of  which  can  readily  be  detected  by  the  eye  both  in  the  duct  (c,  c) 
which  leads  to  the  great  longitudinal  chord,  and  in  that  (d,d)  which  conducts 
(as  seen  at  g,  g  and  6,  g)  into  the  ovarian  uterus.  The  male  seminal  fluid 
travels  from  the  testes  into  the  ovarian  uterus  along  the  superior  of  these 
ducts.  It  may  be  actually  detected  in  the  cavity  of  this  latter  organ,  where 
it  comes  into  immediate  contact  with  the  ova,  whereby  impregnation  results. 
The  ova  thus  fertilized  travel  gradually  onwards  and  reach  the  inferior  half 
(B,  m)  of  the  ovarian  uterus.  As  in  the  Leech,  these  ova  may  be  discovered 
€18  ova  at  a  point  in  the  oviduct  very  near  the  outlet,  it  is  probable  that  this 
Annelid  is  oviparous.  This  fact,  which  is  little  material,  may  be  readily 
determined  by  examination  instituted  at  the  right  season.  The  curved 
ovario-uterine  membranous  organ  is  really  the  part  to  which  Dugds  applied 
the  name  of  "  the  cardiac  vasiform  heart,"  and  which  M.  Quatrefages  has 
denominated  "  la  poche  secretrice  1 1 "  Dugds  made  a  near  approach  to  a 
correct  descriptive  anatomy  of  this  organ.  Quatrefages*  delineations  are 
extravagantly  erroneous.  To  each  ovarian  uterus  a  beautifully  delicate 
vesicle  (e,  e,  e  and  B,  o)  is  attached.  It  is  connected  with  the  superior  duct, 
or  that  which  leads  directly  from  the  testis  into  the  ovario-uterine  saccule  by 
means  of  a  very  slender  tubule  (B,  n)  rising  from  the  vesicle  (B,  6),  This 
vesicle  is  the  far-famed  "  respiratory  sacculus  "  of  the  Leech ;  the  duct  («) 
communicating  between  it  and  the  superior  half  (B)  of  the  ovarian  uterus 
is  the  wondrous  respiratory  heart-vessel,  which  for  half  a  century  has  chal- 
lenged the  admiration  of  anatomists  I 

Let  it  now  be  seen  what  rational  and  probable  physiological  explanation 
these  parts  will  bear.  In  the  first  place,  it  is  obvious  that  there  exists  in  this 
Annelid  a  direct  communication  by  means  of  an  open  duct  between  the  male 
and  female  elements  of  the  reproductive  system ;  that  this  system  opens  ex- 
ternally only  at  the  orifice  of  the  oviduct  (T^  and  B,  q) ;  that  these  orifices"^  / 
are  designed  for  the  extrusion  of  the  ova  or  young  from  the  body  of  the 
parent,  and  not  for  the  reception  of  the  sperm-fluid  into  the  ovario-uterine 
tract ;  that  the  male  fertilizing  secretion  passes  directly  along  the  duct  (d^  d 
and  B,^)  into  the  ovarian  uterus  (b,  b) ;  and  that  thus  the  process  of  selj-xm" 
pregnation  is  literally  accomplished,  for  it  is  not  the  sperm-fluid  of  another 
individual  that,  fecundates  the  ova,  but  that  of  the  same  individual. 

This  conclusion  may  be  affirmed  'with  confidence,  since  the  median  copu- 
lative saccule  (/,  fig.  65)  into  which  the  intromittent  organ  (k)  of  aw)ihar 
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individoal  is  inserted  terminates  in  a  convoluted  csecal  tubulus.  Bettreen 
this  median  organ  and  the  great  bilateral  series  of  ovario-uterine  organs  there 
Is  no  communication  whatever.  If  therefore  during  the  union  of  two  indi-« 
viduals  a  fluid  is  emitted  by  the  male  organ  (k)  into  the  interior  of  the  sac-^ 
cuius  (/),  it  requires  no  further  ai^ument  to  show  that  it  can  proceed  no 
further,  that  it  can  reach  no  other  part  of  the  reproductive  system.  In  con-* 
gress  therefore  these  two  parts  can  subserve  no  other  than  the  purposes  of 
first  mechanically  uniting  the  individuals,  and  secondly  of  stimulating  the 
sexual  organs.  During  those  periods  when  the  fertilizing  fluid  is  not  required 
for  the  oflUce  of  fecundation,  it  is  probably  discharged  externally  as  a  super* 
fluous  excretion  in  part  through  the  intromittent  organ  (k).  According  to 
this  explanation,  to  the  larger  testicular  bodies  (A,  h  and^)  should  be  assigned 
the  mechanical  uses  only  of  seminal  receptacles,  compressing,  what  they  may 
contain,  either  backwards  into  the  ovario-uterine  organs,  or  forwards  to  be 
expelled  through  the  penis  as  an  excretion.  The  penis  therefore  is  the  only 
means  common  to  the  whole  male  system  by  which  it  communicates  with  the 
exterior,  the  so-called  *<  respiratory  sacculi,'*  as  subsequently  to  be  explained, 
being  the  means  by  which  each  testis  separately  communicates  with  the  ex* 
lerior. 

The  sperm-cells  of  the  Leech  are  represented  at  C  (fig.  65)  in  their  several 
phases  of  evolution. 

It  is  here  essential  to  add  that  the  ova  are  first  produced  in  a  siromaious 
layer  which  constitutes  one  of  the  coats  of  the  ovarian  uterus  (B),  and  that  a 
large  number  of  them  are  contained  in  a  common  capsule  (B,  p)  until  they 
attdn  a  certain  degree  of  development,  after  which  they  may  be  recognised 
near  the  outlet  of  the  oviduct  in  a  mgle  and  free  state. 

Ova  are  never  found  in  the  so-call^  "  respiratory  sacculus  "  (B,  o,  6^  e,  e)» 
but,  on  the  contrary  and  invariably,  a  small  quantity  of  aperm-fiuid :  each  of 
these  sacs  is  perforated  (as  at  r,  B)  at  the  point  where  it  is  attached  to  the 
integument  by  an  orifice  which  opens  directly  eoUemaUy.  This  vesicle,  which 
from  the  date  of  the  writings  of  M.  Duges  has  been  rapturously  described  as 
the  "  respiratory  sac  '*  of  the  Leech,  correctly  interpreted,  is  a  true  vedcula 
^eminaUs.  It  is  designed  to  receive  the  superfluous  portion  of  the  sperm 
secretion  as  it  passes  from  the  testis  to  the  ovarian  uterus.  Through  the  orifice 
(r,  B)  this  unrequired  portion  is  discharged  externally.  Spermatozoa  can 
always  be  discovered  in  the  interior  of  these  vesicles. 

Their  parietes  are  very  scantily  supplied  with  blood-vessels  I  What  then 
becomes  of  the  blood  so  profusely  poured  over  these  parts  by  the  contractile 
thick-walled  vessels  of  Dug^  ? 

On  the  authority  of  Mr.  Brightwell  of  Norwich,  it  is  generally  held  that  the 
leeches  are  oviparous.  His  description  bears  the  stamp  of  circumstantial 
accuracy  and  truth,  and  tends  to  confirm  the  inferences  which  the  author  of 
this  Report  has  ventured  to  draw  from  anatomical  investigations. 

Mr.  Brightwell  relates  that  "earlv  in  March  of  the  present  year  (1841) 
about  seventy  specimens  of  a  small  leech  were  taken  from  the  back  fin  of  a 
roach  caught  in  the  river  Wensum.  They  were  the  HtBmocharis  pUcvum 
and  H.geometra  of  authors.  These  leeches  being  placed  by  themselves  in  a 
glass  vessel,  and  having  fresh  water  put  to  them  every  morning,  several  in* 
stances  of  sexual  connexion  were  observed  to  take  place  immediately  after 
the  fresh  water  was  added,  one  of  the  leeches  suddenly  twisting  itself  round 
the  neck  of  another,  and  closing  upon  a  longitudinal  opening  which  at  this 
time  was  very  conspicuous  in  the  neck  of  each.  During  this  union  a  white 
substance  could  be  perceived  on  the  side  of  the  part  where  the  bodies  were 
connected.    They  continued  united  generally  several  hours,  and  in  one  case 
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duriDg  the  whole  day.  When  the  leeches  separated,  a  white  filmy  snbstanoe 
was  detached  from  the  parts  where  they  had  been  united,  which  in  one  case 
had  the  appearance  of  eggs,  but  from  subsequent  observation  it  was  fonod  to 
be  a  film  in  which  the  eggs  were  enveloped.  Within  twenty-four  hours  after 
the  union  took  pUce,  eggs  were  deposited  and  were  found  firmly  attached  to 
the  sides  of  the  glass  vessel.  By  an  experiment  made  with  a  pair  which  were 
kept  separate  for  that  purpose,  twelve  eggs  were  found  to  proceed  from  two 
individuals.  These  eggs  were  semitransparent,  of  a  reddish  brown  colour, 
oblong-oval,  with  one  end  truncated ;  they  were  covered  with  a  white  filmy 
web-like  secretion,  and  had  longitudinal  elevated  ridges  on  the  sides.  The 
shells  of  the  eggs  were  found,  on  dissection,  to  be  extremely  hard.  On  the 
thirtieth  day  after  the  eggs  were  deposited  the  first  young  leech  made  iti 
appearance.  Each  egg  produced  only  one  leech ;  this  was  ascertained  by 
detaching  an  egg  and  keeping  it  in  a  glass  by  itself,  when  one  leech  only 
proceeded  from  it.  The  young  leeches  were  of  the  size  of  a  small  thread, 
about  one-third  of  an  inch  long,  and  appeared  perfectly  formed ;  the  brown 
annular  markings  of  the  body,  the  longitudinal  lines  upon  the  posterior  dm, 
and  the  four  eyes  in  the  anterior  disc  or  sucker  being  clearly  visible." 

Mr.  Brightwell  remarks  with  reference  to  the  Horse-leech,  ffamopis  San^ 
puMorba  (Sav.),  which  is  common  in  our  ponds  and  ditches,  **  that  it  is  pro- 
bably oviparous.  We  have  found  its  young,  in  an  early  stage,  in  the  same 
places  as  the  adult,  but  never  adhering  to  Uie  parent."  He  further  states 
with  regard  to  the  medicinal  leech,  '<  that  a  dealer  in  Norwich  keeps  a  stock 
of  about  50,000  in  two  large  tanks  of  water,  floored  with  soft  clay,  in  which  the 
leeches  burrow.  On  examining  these  tanks  we  found  many  capsules  or  ova  de> 
posits  of  the  leech',  which  the  owner,  ignorant  of  their  nature,  stated  to  be  at 
times  very  numerous,  but  which  he  had  neglected  and  generally  destroyed." 

Of  another  species  of  leech  {Nephdis  vtUgarii^  Sav.),  he  stat^^s,  **This 
species  abounds  in  all  our  fresh  waters,  and  the  brown  capsules  containing 
the  ova  may  be  constantly  found  on  the  underside  of  the  leaves  of  wato^ 
plants  among  the  ova  of  the  freshvrater  heUces.  We  have  kept  several  spe- 
cies through  the  summer,  and  the  following  are  our  notes  as  to  the  deposit  of 
the  ova  and  the  development  of  the  young.  On  the  2ad  of  June  H,  vulgam 
deposited  one  capsule  containing  €va ;  on  the  5th  another ;  on  the  10th  an- 
other ;  and  on  the  15th  two  more,  each  of  them  containing  from  seven  to  \m 
eggs.  On  the  22nd  the  young  appeared  in  the  capsule  deposited  on  the  Snd, 
and  on  the  ISth  of  July  they  emerged  from  the  capsule,  and  in  six  weeks 
were  fully  developed  and  left  the  capsule.  Examining  the  young  of  this 
species  with  a  power  of  about  sixty  linear,  we  detected  a  Cypris  and  foar 
specimens  of  a  common  rotiferous  animalcule  in  its  stomach,  one  of  the  Ro- 
tifera  being  still  alive." 

Of  N^hdis  teudUOa  the  same  observer  states, ''  Mciller  says  the  female  » 
sometimes  filled  with  SOO  young  ones.  The  abdomen  of  our  species  wa^ 
when  captured,  covered  with  young,  which  adhered  solely  to  the  posterior 
disc.  We  kept  this  specimen  from  the  24th  of  June  to  the  28th  of  August, 
when  It  died.  The  young  remained  attached  to  the  parent  during  all  this 
time,  and  we  took  some  pains  to  ascertain  their  exact  number,  and  foaad 
they  amounted  to  143.  We  never  saw  the  parents  or  the  young  ones  take 
any  food.  The  young  differed  altogether  in  colour  irom  the  parent,  the 
latter  being  a  deep  green,  the  former  a  light  ash-colour.  The  abdomen  of 
the  parent  had  no  pouch,  but  was  much  expanded  by  the  adhesion  of  so 
numerous  a  progeny,  so  much  so  as  to  make  the  form  appear  very  different 
Irom  the  young  *•" 
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A%tiut  many  of  the  foregoing  obiervations  oited  on  the  authority  of  Mr. 
Brightwell,  there  is  an  air  i^d  priori  improbability.  They  oertainly  cannot 
be  admitted  in  science  until  confirmed  by  other  observers  aware  of  the  ana- 
tomieal  discoveries  announced  in  this  memoir.  Since  each  ovario-uterine 
organ  has  its  own  oviduct  through  which  it  extrudes  its  ova>  it  is  reasonable 
to  suppose  that  these  ova,  when  extruded,  would  not  be  found  as  a  defined 
ring-like  mass  encircling  the  mid-region  of  the  body  as  commonly  stated, 
and  which  is  said  to  be  thrown  off  by  violent  efforts  on  the  part  of  the  ani- 
flsal,  the  body  being  withdrawn  from  within  it.  A  sort  of  cocoon,  open  at 
both  extremities,  is  said  thus  to  be  produced,  which  contains  from  twelve  to 
fourteen  ova,  enclosed  in  a  protecting  substance  furnished  by  the  mucous 
glands  of  the  parent ;  and  the  young,  after  their  escape  from  the  ova,  quit 
the  eoooon  through  the  openings  left  by  its  body.  It  must  be  repeated  that 
all  this  account  requires  to  be  confirmed  by  a  trustworthy  observer* 

The  author  has  been  more  fortunate  in  unravelling  the  reproductive  ope- 
rations of  the  Sarth-worm.  Between  this  worm  and  the  Leech  there  exists  a 
most  remarkable  resemblance  as  regards  the  structure  and  distribution  of  the 
utero-ovarian  system.  In  Lumbricua  however  one  prominent  and  essential 
point  of  difference  is  at  once  observed.  Here  the  testicular  bodies  are  ' 
arranged  in  a  longitudinal  series  as  in  the  Leech,  but  concentrated  into  a 
considerable  glandular  mass  around  the  cesophagus  and  in  front  of  the  giz- 
aard.  It  is  quite  evident  from  this  arrangement  that  a  bisection  transversely 
of  this  wonn  would  leave  two  halves,  both  of  which  would  be  wanting  in  a 
paramount  constituent  of  the  organism. 

Before  proceeding  to  describe  the  results  to  which  the  author  has  been 
led  by  bit  recent  investigations  into  the  anatomy  of  the  Earth-worm,  it  is 
deeirable,  first,  to  present  a  summary  of  what  has  been  taught  on  this  subject 
up  to  the  date  of  the  present  Report  Mr.  Rymer  Jones  observes*,  ''Few 
points  oonneoted  with  the  history  of  the  Earth-worm  have  given  rise  to  so 
muob  speculation  as  the  manner  of  their  reproduction.  The  generative 
organs  have  long  been  known  to  be  lodged  in  the  anterior  part  of  the  body, 
their  position  being  indicated  externally  by  a  considerable  enlargement  or 
•welliog  which  ei^tends  from  the  seventh  to  about  the  fourteenth  segment, 
Gonnting  from  that  in  which  the  mouth  is  situated*  On  opening  this  portion 
of  tb0  animal,  a  variable  number  of  white  masses  are  found  attached  to  the 
sidae  of  a  crop  and  giazacd,  which  have  long,  by  general,  consent,  been  looked 
upon  as  forming  the  reproductive  system ;  some  having  been  regarded  as  r^ 
presenting  the  testes,  others  as  the  ovaria ;  yet  so  delicate  are  the  connections 
which  unite  these  glandular  masses,  and  such  is  the  difficulty  of  tracing  the 
duGta  by  which  they  communicate  with. the  interior  of  the'  body,  that  the 
funotioos  to  which  they  are  individually  appropriated  have  given  rise  to 
much  discussion.  The  Lumbrici  have  been  generally  acknowledj^ed  to  be 
hermaphrodite,  that  is,  possessed  of  organs  adapted  both  to  the  formation 
and  the  fertilization  of  the  ova ;  and  it  is  likewise  well  understood  that  the 
congraas  of  two  individuals  is  essential  to  the  fecundity  of  both,  as  in  the 
earlier  months ;  the  mode  in  which  they  copulate  is  a  matter  of  constant  ob« 
servation.  At  such  times  two  of  these  animals  are  found  to  come  partially 
out  of  the  ground  from  contiguous  holes,  and  applying  together  those  scg- 
menta  of  their  bodies  in  which  the  generative  organs  are  situated,  ar^  ob- 
served to  remain  for  a  considerable  time  in  contact,  joined  to  each  other  by 
a  quantity  of  frothy  spume  which  is  poured  out  in  the  neighbourhood  of  the 
sexual  organs.  No  organs  of  intromission,  however,  have  ever  been  distin- 
guished, neither  until  recently  had  the  canals  communicating  between  the 
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sexual  orifices  and  the  testicular  or  ovarian  masses  been  satisfactorily  traced ; 
so  that  Sir  Everard  Home  was  induced  to  believe  that  in  the  kind  of  inter- 
course above  alluded  to,  there  was  no  transmission  of  impregnating  fluid  from 
one  animal  to  another,'  InU  that  the  excitement  produ^  by  mutual  caniaei 
caused  both  the  ovaria  and  the  testes  to  burst* ^  so  that  the  ovaria  escaping  into 
the  cells  of  the  body  become  there  mingled  Mith  the  spermatic  secretion,  and 
being  thus  fertilized,  the  ova  were  hatched  internally,  and  the  young,  having 
been  retained  for  some  time  in  the  cells  between  the  intestine  and  the  skin, 
were  ultimately  ejected  through  apertures  which  were  supposed  to  exist  in 
the  vicinity  of  the  tail. 

"  There  is  however  little  doubt  that  what  Sir  E.  Home  conceived  to  be  young 
earth-worms  were  parasitic  Entozoa,  and  that  in  the  mode  of  their  propaga- 
tion, the  animals  we  are  describing  exhibit  but  little  deviation  from  what  we 
have  already  seen  in  the  Leech. 

"According  to  M.Dug^s  the  testes  are  placed  in  successive  segments  of  the 
body,  from  the  seventh  backwards ;  they  vary  in  number  in  different  indivi- 
duals from  two  to  seven ;  but  whether  this  variety  depends  upon  a  difference 
of  species,  or  is  only  caused  by  the  posterior  pairs  becoming  atrophied  when 
not  in  use,  is  undetermined.  Each  testis  is  fixed  to  the  bottom  of  the  ring, 
in  which  it  is  placed  by  a  short  tubular  pedicle,  that  opens  externally  by  a 
very  minute  pore  through  which  a  milky  fluid  can  be  squeezed.  The  testi- 
cular vesicles  of  the  same  side  of  the  body  all  communicate  by  a  common 
canal,  and  the  seminal  fluid,  which,  like  the  seminal  secretion  of  other  ani- 
mals, contains  animalcules,  can  readily  be  made  to  pass  from  one  to  the 
other. 

^^  The  ovaria  are  eight  large  white  masses  of  a  glandular  texture,  from  which 
arise  two  delicate  tubes  or  oviducts ;  these  have  no  connexion  with  the  testes, 
but  running  backwards,  they  become  dilated  into  two  small  vesicles  at  their 
termination,  and  open  by  two  apertures  or  vulvte  seen  externally  upon  the 
sixteenth  segment  of  the  body ;  in  these  ducts  eggs  have  been  detected  €U  large 
as  pins*  heads/  The  eggs  are  laid  when  two  or  three  lines  in  length.  In 
fig.  85,  Af ,  one  of  them,  enclosing  a  mature  embryo,  is  delineated ;  its  top  is 
seen  to  be  closed  by  a  peculiar  valve-like  structure  adapted  to  facilitate  the 
escape  of  the  worm,  and  opening  (fig.  85,  B)  to  permit  its  egress.  Another 
remarkable  circumstance  observable  in  these  eggs  is,  that  they  very  generally 
contain  double  yolks,  and  consequently  two  germs,  so  that  a  couple  of  young 
Ones  is  generally  produced  from  each." 

By  another  distinguished  systematic  writer  the  following  account  is  given 
with  reference  to  the  mechanism  of  reproduction  in  the  Earth-worm :— "  In 
the  Earth-worm,  towards  the  end  of  the  summer,  there  is  developed  around 
the  body  a  thick  and  broad  belt ;  this  is  an  apparatus  for  suction,  by  which 
the  worms  are  held  together  during  congress.  It  is  remarkable  that  the  ova 
do  not  escape  through  the  ducts  which  serve  to  convey  the  spermatic  fluid  to 
the  ovaria;  but  the  ovaria  burst  when  distended  with  mature  ova,  and  allow 
their  contents  to  be  dispersed  through  the  interior  of  the  animal.  In  this 
respect  the  process  of  reproduction  in  the  Earth-worm  bears  a  striking  ana* 
logy  to  that  which  we  have  witnessed  in  the  flowering  plants ;  for  in  the  latter 
the  fertilizing  influence  is  transmitted  down  the  minute  canals  of  the  style, 
and  the  seeds  escape  when  ripe  by  the  dehiscence  of  the  walls  of  their  enve- 
lope. The  ova  of  the  Earth-worm  pass  backwards  between  the  integument 
and  intestine  to  the  anal  extremity;  and  in  their  progress  they  gradually 
undergo  their  development  and  are  expelled  from  their  parent,  either  as  com- 
*  The  italics  are  mine, 
t  At  p.  909  of  the  Animal  Kingdom,  by  Mr.  Rymer  Jones. 
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pldtely  formed  worms,  or  surrounded  by  a  dense  and  tough  case  which  gives 
them  the  character  of  pap<e«  Whether  they  are  produced  in  the  perfect  or 
in  the  pupal  form,  depends  on  the  nature  of  the  soil  which  the  worms  inhabit* 
In  alight  and  loose  soil  the  young  quit  the  parent  prepared  to  act  for  them- 
selves ;  but  in  a  tough  clayey  soil  they  continue  the  pupal  form  fqr  some 
time,  so  as  to  arrive  at  a  still  higher  degree  of  development,  before  commen- 
cing to  maintain  an  independent  existence*."  It  is  thus  seen  that  Mr.  Rymer 
Jones  has  copied  from  Sir  £•  Home  and  M.  Dugds,  and  Dr.  Carpenter  has 
copied  from  Mr.  Rymer  Jones,  neither  writer  having  attempted  to  deter- 
mine the  truth  or  falsehood  of  the  statements  which  he  was  transmitting  to 
another  generation.     Thus  ever  has  error  been  propagated. 

All  that  is  true  in  the  original  description  of  Dug^s  with  regard  to  the  re- 
productive organs  of  the  Earth-worm,  amounts  to  no  more  than  what  the  most 
cursory  dissector  may  readily  verify,  viz.  that  there  exists  near  the  base  of  the 
oesophagus  a  mass  of  glandular  bodies,  which  are  described  as  ovaria,  and 
which,  when  the  contents  are  mature,  are  said  to  Inirst  It  is  no  severity  of 
criticism  to  remark  that  this  latter  idea  indicates  a  very  rude  state  of  physio- 
logical knowledge  on  the  part  of  those  by  whom  it  is  entertained.  The  de- 
hiscence of  large  vital  organs,  like  the  ovaria,  is  an  occurrence  which  has 
never  been  credibly  authenticated  in  the  animal  kingdom.  In  the  vegetable 
kingdom  it  may  be  a  normal  event  The  researches  of  Quatrefages  have 
thrown  no  additional  light  whatever  on  the  anatomy  of  this  system,  having 
mistaken  the  true  utero-ovaria  for  lateral  secreting  pouches.  Amid  so  little 
that  was  clear,  and  so  much  that  was  confused,  it  became  obvious  therefore 
that  nothing  less  than  independent  and  patient  dissections  would  solve  the 
enigma  as  to  the  mechanism  of  reproduction  in  this  worm.  The  author 
trusts  that  he  will  be  able  to  show  that  he  has  satisfactorily  accomplished 
this  object. 

The  first  part  of  the  reproductive  system  observed  on  opening  the  body 
along  the  dorsal  median  line,  is  the  glandular  white  mass  which  embraces 
the  oesophagus  (as  shown  in  Plate  IX.  fig.  66  a,  a,  in  a  pregnant  individual). 
The  component  lobuli  of  this  mass  vary  in  size  and  number,  according  to 
the  age  of  the  specimen  under  inspection.  They  are  tied  down  to  the  in- 
tersegmental partitions,  and  communicate  (fig.  67  a,  in  an  individual  not 
pregnant)  with  minute  ducts  which  run  longitudinally  on  either  side  of  the 
median  line,  from  one  end  of  the  body  to  the  other  (fig.  66  ^,  by.  When 
compressed  they  discharge  a  milky  fluid,  which  is  their  proper  secretion.  It 
is  true  seminal  fluid ;  it  is  not  emitted  directly  externally,  but  into  the  longitu- 
dinal ducts  (b,  by  fig.  66  and  6,  by  fig.  67)  through  the  excretory  channels  (a,  a), 
which  are  common  to  the  whole  utero-ovarian  system.  From  these  longi- 
tudinal conduits  the  fertilizing  fluid  passes  laterally  along  still  minuter  ducts 
{by  by  by  fig.  67,  aud  a,  fig.  6S),  which  open  directly  into  the  utero-ovarian 
sacculus.  In  fig.  68  spermatic  animalcules  are  represented  in  progress  of 
passage  from  the  longitudinal  ducts  into  the  lateral  duct  (a),  which  conveys 
them  immediately  into  contact  with  the  ova  (b).  This  fact  of  the  actual 
presence  of  sperm-cells  in  this  duct  of  the  female  system  dispels  every  obscu- 
rity with  respect  to  the  mechanism  of  self-impregnation,  probably  in  all  An- 
nelida. In  fie.  67  is  represented  the  copulative  pouches,  so  called  because  no 
other  probable  use  can  be  assigned  to  them  (c,  c).  They  are  unquestionably 
an  integral  part  of  the  generative  apparatus,  though  their  functions  may  only 
be  mechanical.  In  the  Earth-worm  they  are  concealed  by  the  testicular 
masses.  These  latter  organs  in  fig.  67  are  removed  in  order  to  display  the 
copulative  pouches  (e,  c,  c),  which  amount  to  four  or  six  in  number  on  either 
*  See  last  editk)]i  of  Dr.  Carpenter's  Principle»  of  Comparative  Phynology,  pp.  964  and  965. 
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Bide  of  th«  median  likie,  and  open  ektetnally  by  orifioes  (ilg«  09)»  Men  <mlAld« 
on  tlie  abdotoinal  Burfkce.  They  are  Bimple'cffiCal  veBicles,  eommiuiicatiiig 
with  no  detectable  duet.  It  is  not  improbable^  from  the  analogy  of  the  in« 
tromittent  organs,  which  will  be  subsequently  shown  to  be  contained  within 
vesicles  of  a  similar  character  in  NaU^  that  they  may  lodge  an  intromittent 
instrument  of  some  sort,  though  its  presence  has  not  yet  been  proved  by  actual 
obserTations.  It  is  only  on  the  supposition  that  some  sttch  organ  ia  oon* 
tained  witliin  these  pouches  that  their  mechanical  functions  can  be  undeN 
stood.  We  are  now  prepared  to  enter  upon  a  minuter  description  of  the 
ntero-ovarian  organs.  These  marvellous  organs  are  constructed  in  the 
Earth-worm  with  great  exactitude  on  the  model  of  those  of  the  Leech*  A 
tube  (d,  fig.  68)  proceeding  from  the  common  testicular  diict  (A,  &,  fig.  66) 
runs  alone  the  upper  part  of  the  segmental  dissepiment,  which  serves,  aa  ftl* 
ready  explained,  to  convey  the  spenn-fiuid  into  the  uterine  cavity.  3?^^  ^^ 
is  embraced,  as  at  a',  a''  (fig.  68),  by  stromatous  tissue^  which  is  denady 
charged  with  ova.  These  ova  seem  successively  to  be  thrown  into  the  channel 
of  duct  a,  (fig.  68)  where  they  are  brought  under  the  direct  agency  of  the 
fertilizing  fluid ;  thus  fecundated  they  travel  onwards  in  the  line  of  the  «lN 
cumference  of  the  ovarian  uterus,  6,  h\  6'',  W\  undergoing  greater  and  greater 
development,  until  finally  in  the  passage  c{^  terminating  in  the  outlet  cf,  they 
dehisce,  and  the  young  appear  alive  and  active.  After  a  sojourn  of  variable 
duration  in  this  passage,  the  young  escape  externally  through  the  outlet  if ,  D. 
To  the  concavity  of  this  organ  a  pouch  or  marsupium  is  appended*  This 
part,  during  the  breeding  season,  is  crowded  with  ova  on  the  point  of  giviM 
escape  to  the  young,  c'.  From  this  marsupium  the  ova  descend  as  at  ^ 
in  a  very  advanced  state  of  development*  It  may  be  designated  the  Inie 
uterine  segment  of  the  uteroK)varian  organ,  the  place  wherein  the  ova  nn* 
dereo  the  process  of  incubation,  that  in  which  the  young  are  hatched*  The 
whole  of  the  interior  (except  the  marsupium)  of  the  ovario^^nterine  paasagea 
are  lined  with  vibratile  epithelium.  The  cilia  are  active  and  vigorous  daring 
the  season  of  reproduction,  but  undistinguishable  during  the  rest  of  the  year. 
A  comparison  of  this  organ  with  that  of  the  Leech  will  show  tlial  the  so- 
called  *<  respiratory  sacculus'*  (Dug^^  of  the  Leech  is  altogether  absent  ia 
the  Earth-worm.  Considering  the  difibrence  in  the  disposition  of  the  nude 
organs  in  the  two  species,  the  absence  of  this  singular  appendage  ia  Zmmk 
hricus  can  excite  no  surprise.  With  this  exception  the  reproductive  syHema 
of  these  two  worms  are  formed  on  one  and  the  same  principle^ 

During  the  reproductive  season,  in  the  Earth-worm  it  is  a  matter  of  easy 
observation  to  trace  the  evolution  of  the  eefrjhroughout  nH  itn  phaecii,^  .U  cv*^ 
appears  first  (1,  fig.  70)  under  the  character  of  a  minute,  pellucid,  ntteleaieid, 
orbicular  cell,  of  which  the  germinal  vesicle  and  its  contained  genniaal  spot 
exceed  very  slightly  in  transparency  the  surrounding  vitelline  mass*  The 
first  appreciable  departure  fh>m  this  unimpregnated  type,  which  ooeaie  in 
consequence  of  fertilization,  consists  in  a  thiclrening  of  the  vitellm  (S)i  by 
which,  by  contrast,  the  germinal  vesicle  is  rendered  much  more  distinct^  the 
germinal  spot  at  this  stage  being  only  obscurely  perceptible* 

Under  the  succeeding  phase  (S)  Uie  germinal  spot  presents  itself  under 
the  character  of  a  double*cell,  surroaaded  by  a  pellucid  korC)  which  is  evi* 
dently  still  the  germinal  vesicle.  At  the  next  stage  (4)  the  doubleMoell  baa 
multiplied  into  a  series,  arranged  linearly  and  slightly  curved  to  conform  to 
the  circumference  of  the  vitelline  membrane.  This  line  of  cells  is  still  sepa- 
rated  fVom  the  material  of  the  yolk  by  a  very  transparent  interval,  definedly 
bounded,  evidently  by  a  membrane.  This  membiaiie  must  be  tlie  iiivehi- 
crum  of  the  germinal  vesicle* 
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The  sttodeeding  stage  (5)  is  marked  by  a  still  further  development  of  this 
emv$d  Une  of  cSU^  At  a  subsequent  phase  (6)  these  cells  assume  the  un- 
questionable oharaoter  of  young  worms  having  the  power  of  independent 
motion  while  yet  in  the  midst  of  vitelline  mass.  What  is  remarkable  is,  that 
the  ovum,  while  the  young  is  thus  being  evolved,  undergoes  a  great  increase 
of  size.   This  can  only  occur  by  absorption  of  nutrient  fluid  from  wiihaut. 

At  (b^^'f  fig.  68)  the  inferior  uterine  duct,  it  will  be  seen  that  the  young 
escape  out  of  the  ova  before  they  finally  leave  the  parent,  and  that  they  are 
endowed  with  independent  capability  of  locomotion ;  7,8,9, 10,  fig.71»  illustrate 
the  minute  anatomy  of  the  young  at  this  stage  (intra-uterine)  of  growth. 
Minute  groups  of  molecules  are  first  seen  (7)  in  the  axis  of  the  body,  which 
subsequently  become  fused  (8)  into  a  continuous  series,  in  which  it  is  im- 
possible to  discern  a  channel.  At  another  age,  however^  a  distinct  intesti- 
nal  canal  (9)  appears ;  this  is  surrounded  on  either  side  by  a  longitudinal 
row  of  cells  which  indicate  the  future  blood-vessels.  Still  further  developed 
(10),  this  canal  exhibits  incipient  evidences  of  segmental  contractions;  and 
what  should  be  expressly  noted,  the  interval  between  the  intestine  and  into* 
gument  becomes  filled  with  a  fluid,  already  oorpusculated,  the  motions  of 
which  may  be  distinctly  and  unmistakeably  discerned*  Thus  the  physiologist 
has  attained  to  a  knowledge  of  one  definitive  ySutf  in  relation  to  the  embryo* 
logical  history  of  the  chylo-aqueous  fluid  of  the  peritoneal  cavity  of  the  An- 
nelida, that  it  begins  its  functions  in  the  embryo  brfore  the  true-blood.  This 
latter  is  a  system  of  subsequent  development  So  simple  is  the  first  stage  of 
nutrition  that  it  is  accomplished  exclusively  by  the  chylo-peritoneal  fluid. 
It  may  be  here  affirmed  (what  may  hereafter  prove  to  be  embryologically 
trae  of  ail  worms,  and  probably  of  all  artiouUited  animals)  of  the  Earth-worm, 
that  the  younger  the  individual  the  greater  the  volume  of  the  chylo*perito- 
neal  flaid,  the  older  the  less ;  the  proportion  of  this  fluid,  in  other  words,  is 
inversely  as  the  age.  It  is  thus  established  by  actual  demonstration,  that  tha 
Earth-worm  is  viv^Horous^  and  that  it  is  hermaphrodite  and  self-impregnating, 
ahhongh  only  under  the  condition  of  being  united  to  another  individual. 

Illustrations  of  the  generative  organs  of  NaisfiUformU  adorn  the  pages  of 
almost  every  systematic  work  on  comparative  anatomy,  published  since  the 
date  of  the  researches  of  M.  Dugds.  Each  author  in  long  succession,  as  usual, 
adopts  reverently  the  original  of  M.  Djugds ;  where  he  is  wrong  they  are 
wrong,  where  right  they  are  so.  The  researches  of  M.  Dug^  into  the  ana- 
tomy of  the  generative  system  of  this  little  worm  constitute  undoubtedly  his 
master-performance  in  minute  investigation.  At  the  period  of  his  inquiries 
it  was  by  no  means  easy  to  unravel  the  reproductive  organs  of  Nais.  Itself 
of  microscopic  minuteness,  it  demands  the  use  of  the  highest  and  the  clearest 
powers,  and  that  too  in  a  living  specimen,  ceaselessly  in  motion,  that  the 
problem  may  be  satisfactorily  solved.  The  descriptions  amount  to  a  credit- 
able approximation  to  the  results  obtained  through  aid  of  the  best  modem 
mieroBoope  "^^  They  are  notwithstanding  deficient,  in  respect  that  they 
omit  all  allusion  to  parts  which  are  indispensable  to  the  sexual  system  as  a 
whole. 

A  comparison  of  the  familiar  figures  of  Duges  with  those  which  are  pub- 
lished -for  the  first  time  in  connexion  with  this  Memoir,  will  enable  the  phy- 

*  Nearly  two  months  of  my  time  were  almost  excbuhely  devoted  to  the  study  of  the  re* 
pcoductlTe  ormns  of  Naia  fi^ormit.  During  this  period  thoutanda  of  separate  individuals 
were  submitted  to  dissection.  It  was  only  in  one,  now  and  then,  that  those  developed  con- 
ditions of  the  sexual  system  could  be  found,  which  were  essential  to  the  nicoeis  of  the  inquiry. 
Thoe  is,  therefore,  every  excuse  for  inaeciirsey. 
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siologist  at  once  to  perceive  that  the  whole  system  is  limited  by  M.  Dug^  to 
the  glandular  mass  which  is  so  readily  observed  about  the  anterior  third  of 
the  body,  whereas  in  reality  this  only  constitutes  one  eegmeHtal  unU^  more 
developed  only  than  those  are  repeated  in  every  ring  of  the  body.  Moreover 
those  singular  intromittent  organs  lodged  within  pyriform  vesicles,  now  firat 
described,  were  wholly  unknown  to  M.  Dugds.  Nor  was  this  anatomist  aware 
that  in  this  worm  the  ovipcusages  open  by  means  of  a  fimbriated,  ciliated 
extremity  freely  into  the  cavity  of  the  peritoneum. 

Expounding  the  views  of  M.  Dug^s,  Mr.  Rymer  Jones  observes*,  **The 
generative  system  of  the  Nais  presents  a  somewhat  different  arrangement  to 
that  which  exists  in  the  Earth-worm.  The  swollen  part  of  the  body,  in  which 
the  sexual  organs  are  placed,  occupies  a  space  of  from  five  or  six  rings,  be« 
ginning  at  the  eleventh.  On  each  side  of  the  eleventh  segment  is  a  minute 
transverse  slit,  communicating  with  a  slightly  flexuous  canal,  which  terminates 
in  a  transparent  pyriform  pouch  or  vesicle ;  the  latter  contains  a  dear  fluid, 
in  which  minute  vermiform  bodies  are  seen  to  float,  and  most  probably  repre* 
sent  the  testis.  The  twelfth  segment  likewise  exhibits  two  openings,  each 
placed  upon  the  centre  of  a  little  nipple ;  these  are  the  orifices  leading  to  the 
female  portions  of  the  sexual  system.  The  ovaria  are  composed  of  four  large, 
and  several  smaller  masses  of  a  granular  character,  and  from  them  proceed 
long  and  tortuous  oviducts,  which  just  before  their  terminations  at  the  lateral 
openings  become  thick  and  granular.  These  animals  most  likely  copulate 
like  the  Earth-worms,  and  lay  their  eggs  in  a  similar  manner.  We  have 
already  seen  in  Lumbrictis  terrestris  ova  containing  two  yolks,  and  conse- 
quently giving  birth  to  two  animals ;  but  in  the  Nais  every  egg  produces  ten 
or  twelve  young  ones ;  or  perhaps  we  ought  rather  to  say,  that  what  appears 
to  be  a  single  egg  is  in  fact  merely  a  capsule  enclosing  distinct  ova,  from 
which  a  numerous  progeny  arises.  The  manner  in  which  these  compounds 
are  formed  is  easily  understood  when  we  consider  the  structure  of  the  oviduct 
described  above.  The  granular  germs  escape  no  doubt  separately  from  the 
ovaria,  and  remain  distinct  from  each  other,  as  they  pass  along  the  tortuous 
canal  which  leads  to  the  external  opening ;  but  at  length  arriving  at  the 
thick  and  glandular  portion  of  the  oviferous  tube,  sevei'al  of  them  become 
enclosed  in  a  common  investment  secreted  by  the  walls  of  the  oviduct,  and 
are  expelled  from  the  body  with  th§  outward"  appearance  of  a  simple  ^g*" 
This  is  the  account  of  M.  Duges  with  reference  to  the  reproductive  organs 
of  Nais  jUifwrnU. 

The  author  of  this  Report  will  now  proceed  to  state  the  results  of  his  own 
examination,  conducted  at  great  cost  of  time  and  labour. 

Every  iVaw,  in  relation  to  this  system,  is  identically  constituted ;  this  worm 
therefore,  like  the  preceding,  is  androgynous.  Every  individual  towards  the 
latter  end  of  the  summer  dies  by  the  bisection  of  the  body.  It  is  not  true* 
as  reported  by  Dugds,  and  before  him  by  Spallanzani,  that  the  fragments  into 
which  the  body  of  each  worm  becomes  resolved,  is  again  reconstructed  into 
a  perfect  whole.  Although  the  sexual  system  exhibits  a  tendency  to  b^« 
mental  repetition,  there  devolves  upon  the  large  anterior  portion  described 
by  Dug^  a  special  function,  which  the  rest  cannot  perform ;  and,  on  the 
contrary,  a  duty  falls  on  the  posterior  segmental  units  of  the  system  which 
the  anterior  cannot  discharge.  It  is  consequently  evident  that  neither  of  the 
moieties  into  which  the  body  is  resolved  during  the  crisis  of  the  reproductive 
season  can  be  organically  perfect.  Such  fragmentary  organism  is  wanting 
in  elements  paramountly  essential  to  individuality. 

*  Op.  eit,  p.  209. 
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In  order  to  facilitate  the  comprehenftion  of  the  Bucceeding  description,  it 
is  proposed  to  enamerate  the  component  parts  of  the  sexual  apparatus  of 
Nais  in  the  order  of  their  position  from  before  backwards. 

The  two  pear-shaped  sacculi  (a,  a,  Plate  VIII.  fig.  72)  are  sufficiently  promi- 
nent and  defined  in  outline  to  be  traced  satisfactorily  by  the  eye.  The  fundus 
of  these  sacculi  exhibits  no  traceable  orifice  of  communication  with  the  glandu- 
lar bodies  (c,  c,  c',  c')  by  which  they  are  enreloped  ;  it  is  quite  certain,  however, 
that  this  communication  exists.  The  interior  of  these  sacculi  is  not  lined  by 
vibratile  epithelium ;  they  lodge  a  peculiar,  flexible,  arrow-headed  organ  (6, 5), 
which  is  often  seen  extruded  through  the  orifice  (a')  to  a  considerable  di- 
stance ;  this  oi^n  is  an  indisputable  intromittent  instrument.  Its  axis  is 
hollow,  and  its  root  is  structurally  identified  with  the  parietes  of  the  vesicle 
in  which  it  is  contained.  The  large-celled  glandular  masses  (c',  c)  are  tes* 
ticular,  and  contribute  the  fluid  which  is  emitted  by  the  penis  (&')  through 
the  orHice  (a!)  into  the  vulva  (d),  if  not  of  the  samcy  of  another  individual. 
No  other  parts  than  these  masses  (c/,  c),  discoverable  in  Nais^  are  charged 
with  sperm-cells,  or,  as  Dr.  Farre  has  designated  them,  ciliated  corpuscles 
(m).  These  organs,  therefore,  are  evidently  the  sole  male  apparatus  of  Nais ; 
they  furnish  the  secretion  which,  when  introduced  into  the  uteri  (d!'),  fecun- 
date the  ova  contained  in  the  large  masses  {g).  These  last  masses  are  ulti- 
mately composed  of  the  elements  (n),  which  consist  of  vitelline,  nucleated, 
orbicular  cells.  Through  a  channel,  not  yet  clearly  defined,  these  ova  find 
their  way  into  the  convoluted  duct  (/),  which  is  prolonged  from  the  fundus 
of  the  uterus  {d),  and  terminates  in  a  remarkable  fimbriated  extremity  (a), 
through  which  the  fertilized  ova  escape  into  the  open  cavity  of  the  perito- 
neum. This  singular  organ,  which  may  be  divided  into  the  uterine  ca- 
vity, the  fallopian  duct,  and  tnorsus  diabolh  is  repeated  in  every  segment, 
as  seen  at  t,  A,  &c.  In  the  posterior  units,  however,  of  this  system  the 
large  ovarian  masses  (g)  are  not  reproduced;  they  are  peculiar  to  the  first 
and  most  anterior  of  the  system.  In  the  posterior  they  are  replaced  by  an- 
other description  of  stromatous  tissue  (as  seen  aty,^),  which  embraces  the 
mid-portion  of  each  duct.  In  the  absence  of  any  demonstrable  male  appa- 
ratus in  connexion  with  these  posterior  utero-ovarian  organs,  there  remains 
no  alternative  but  to  believe  that  the  fimbriated  extremities  (A,  k)  floating 
freefy  and  loosely  in  the  fluid  of  the  peritoneal  cavity,  and  lined  internally 
with  active  cilia,  take  up  sperm-cells  from  the  fluid  of  the  peritoneal  cavity, 
in  which  they  may  be  seen  suspended,  conveying  them  through  the  duct 
until  they  reach  that  portion  (^j)  which  is  embraced  by  the  ovarian  tissue. 
At  this  stage  the  ova  from  this  tissue  are  detached  into  the  duct,  where  they 
come  into  direct  contact  with  the  spermatic  elements.  The  ova  thus  ferti- 
lized travel  onwards  under  ciliary  agency,  for  which  these  parts  are  quite 
remarkable,  and  finally  escape  at  the  outer  orifice  (t,  i) ;  they  escape  as  ova. 
Nais  is  therefore  an  oviparous  worm.  Young  worms  are  never  found  in  any 
part  of  the  body,  nor  at  any  time  have  true  ova  been  seen  in  the  fluid  of  the 
peritoneal  cavity. 

Nais  is  the  only  worm  yet  known  in  which  the  sexual  organs  commu- 
nicate thus  directly  with  the  peritoneal  cavity,  and  in  which  the  fluid  contents 
of  this  cavity  enacts  a  mechanical  part  in  propagating  throughout  the  female 
elements  of  the  reproductive  system  the  fecundating  fluid.  It  is  not,  how- 
ever, the  only  Annelid  in  which  the  female  moiety  only  of  the  sexual  system 
is  segmentaliy  repeated.  In  the  Earth-worm,  the  testicular  masses  were 
shown  to  be  circumscribed  to  one  region  of  the  body,  while  the  utero-ovaria 
were  reproduced  in  every  segment.  The  Terebella  also  exhibit  the  tendency 
to  repetition  only  in  the  female  elements  of  this  system.    The  male  glands 
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are  grouped  into  a  lobulated  mass  at  the  median  line.  The  utero-oTaria 
occur  u  segmentally  repeated  eacculi,  communicatiug  on  the  ventral  surfaoe 
of  the  body  by  perceptible  orifices.  In  Terebella  nebuhsa  the  whole  of  the 
sexual  system  may  be  readily  demonstrated ;  it  lies  underneath  the  alimentary 
canal.  To  expose  it  to  view  this  latter  must  therefore  be  removed.  Along 
the  median  Hue  is  accumulated  under  the  form  of  white  lobulated  masses 
the  testicular  glands.  The  secretion  furnbbed  by  these  masses  is  conveyed  by 
means  of  a  common  duct  to  a  receptacle,  a  sacculus,  situated  at  its  anterior 
extremity.  This  organ  communicates  externally  by  an  orifice  or  two,  through 
which  the  spermatic  fluid  is  emitted.  During  the  contact  of  two  individuals^ 
this  fluid  passes  outside  along  the  abdominal  surface  of  the  body,  and  thence 
finds  its  way  into  the  ovario-uterine  organs,  which  exist  to  the  number  of 
ten  on  either  side  of  the  abdominal  median  line,  and  which  communicate  by 
corresponding  orifices  externally. 

The  minute  anatomy  of  these  utero-ovarian  organs  in  TerdMa  mbmiomM^ 
is  well  calculated  to  elucidate  the  m^hanism  of  reproduction  in  several  other 
species  of  Annelida. 

Each  lateral  utriculus  is  divided  longitudinallv  into  two  distinct  com* 
partments,  of  which  one  is  thicker  (in  the  parietes)  at  the  attached  end,  and 
more  vascular  and  redder  in  colour  than  the  other,  which  is  a  mere  mem- 
branous receptacle.  A  small  glandular  mass  exists  at  the  attached  end 
of  each  of  these  organs,  which  during  the  reproductive  season  undergo  a 
remarkable  increase  of  size ;  they  are  true  ova-producing  bodies.  From  this 
stromatous  structure  the  ova  escape  into  one  of  the  compartments  of  the 
utricle,  where  they  fall  under  the  influence  of  the  spermatic  fluid  contained 
(received  from  without)  in  the  other.  They  sojourn  for  some  time  in  this 
receptacle)  and  finally  escape  as  ova.    The  Tmtbdlm  are  therefore  ort/Ninrais. 

The  sexual  system  of  ArenicoUi  is  organized  on  a  phin  which  intimately 
resembles  that  just  described  in  T.  neMosa ;  there  are,  however,  in  this 
worm  no  median  testicular  masses.  The  male  and  female  elements  are  at> 
tached  to  the  lateral  taoetdi^  which  in  this  worm,  like  T.  nebuloeOf  are 
arranged  in  lateral  series,  and  divisible  into  two  portions  by  a  median  parti* 
tion.  During  the  reproductive  season  these  organs  become  highly  vascular 
and  prominent.  The  Nereids  are  constructed,  as  regards  their  reprodnetive 
system,  very  much  on  the  type  of  that  of  Lw^rieus,  Each  segment  is  far* 
ntshed  with  its  utero^ovariura.  The  Pkyliodooe  are  organized  on  the  same 
principle*. 

Senses,  InsHndhe  Actions,  and  Nervous  System. 

The  nervous  system  of  the  Annelida  is  constructed  in  conformity  with  the 
articulated  type.  It  is  characterized  essentially  by  the  presence  of  a  ganglion 
on  the  dorsal  aspect  of  the  oesophagus,  and  hence  called  the  cephalic  or  supra- 
cesophageal ;  and  another  on  the  ventral  surface  of  the  oesophagus,  known  as 
the  infra-oesophageal.  These  two  ganglia  are  united  by  means  of  intermediate 
threads  which  descend  on  either  side  of  the  oesophagus,  such  as  to  embrace 

*  Jk99lofmemt  ^the  AtmeUiia.-^l  have  not  yet  attempted  the  study  of  the  erabryokigy  of 
the  Annelidd ;  Milne-EdwanU  it  the  only  obierrer  who  has  contributed  to  this  bnnch  of 
comparative  phvsiology.  It  is  not  likely  to  prove  difficult  of  elucidation.  From  casual  ob- 
servations which  I  have  instituted  into  this  department  of  the  subject  of  the  Report,  I  do 
not  think  that  it  will  prove  very  difficult  of  elucidation.  1  by  no  means  agree  with  Z«Ma  hi 
ttM  accounts  which  he  has  given  with  reference  to  the  metamoqihoaes  of  the  Annelida.  I 
liave  never  yet  seen  an  instance  in  which  the  embryo  of  an  Annelid  has  departed  from  the 
true  vermiform  conformation.  Appendages  are  successively  developed  during  the  progress  of 
erowth,  as  figured  in  the  illustrations  of  Milne-Edwards,  in  the  instance  of  T,  imMIom. 
Patience,  tmtnfiilness  and  exactitude  are  yet  wanting  to  complete  the  deptftmeat  of  the 
h&Mory  ofihe  Brltiah  Annelida. 
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thit  tube  io  the  endoied  fpan  and  forming  the  cesophageal  ring.    From  the 
iofiraQesophegeAl  ganglion  the  abdominal  cord  prooeeds  backward  along  the 
▼entral  median  line.  In  tome  species  this  cord  is  double>  in  others  single ;  in 
some  it  is  nodulated  at  intervals,  corresponding  with  the  annuli  of  the  body^ 
and  bj  ganglia ;  in  others  it  seems  to  consist  only  of  a  continuous  cord.  When 
the  former  conformation  prerails,  the  ganglia  always  bear  reference  in  site 
and  number  to  those  of  the  segmental  divisions  of  the  body.  Whatever  may 
be  the  degree  to  which  these  ganglia  are  multiplied,  they  constitute  only 
repetitions  of  one  another.     The  cephalic  ganglion,  representing  in  situation 
and  importance  the  brain  of  the  higher  Articulate,  is  distinguished  from  the 
rest     It  originates  nerves  to  the  organs  of  senset    It  is  gifted,  like  a  brain, 
with  the  distinctive  power  of  directing*  controlling  and  coordinating  the 
movements  of  the  entire  body,  whilst  the  influence  of  each  ganglion  of  the 
trunk  is  confined  only  to  its  own  segment   The  longitudinal  ganglionic  cord 
occupies  a  position  from  which  at  first  sight  it  may  be  inferred  that  it  is  not 
the  homologon  of  the  spinal  cord  of  vertebrated  animals.     The  spinal  cord 
affbols,  in  relation  to  the  body,  a  dorsal  situation,  the  ganglionic  chain  of  the 
Artieulata  a  veniraL    This  difference  of  locality  has  been  supposed  to  be  at 
variance  with  the  doctrine  of  the  equivaleiux  of  these  several  forms  of  nervous 
system.  From  the  history  of  the  development  of  articulate  animals^  however, 
it  has  been  suggested  that  the  whole  body  of  these  animals  may  be  considered 
■s  in  an  invert^  position  ;  the  part  in  which  the  segmentation  is  first  distin* 
gniehed  in  insects  being  the  equivalent  of  the  dorsal  region  of  vertebrata,  and 
that  over  which  the  germinal  membrane  is  the  last  to  close  in,  being  homo- 
iogoue  with  the  ventnd  region.     Regarded  under  this  aspect,  the  longitudinal 
nervous  tract  of  Artieulata  corresponds  with  the  spinal  cord  of  vertebrated 
animals  mjpoiittoM,  as  it  will  be  afterwards  seen  that  it  does  infuiuiiiotu  We 
are  indebted  to  Dr.  Carpenter  for  an  exact  description  of  the  ultimate 
structural  characters  of  these  ganglia  ^>-^**  When  the  structure  of  the  chain 
of  ganglia  is  more  paiticularly  examined,  it  is  found  to  consist  of  two  distinct 
liacts ;  one  of  which  is  composed  of  nerve^fibres  only,  and  passes  backwarda 
from  the  cephalic  ganglion,  over  the  surface  of  all  the  ganglia  of  the  trunk, 
giving  off  branches  to  the  nerves  proceeding  from  them,  while  the  other 
inclades  the  ganglia  themselves*    Hence,  as  in  the  M ollusca,  every  part  of 
tiie  body  has  two  sorts  of  nervous  connexions ;  one  with  the  cephalic  gan- 
glion) ami  the  other  with  the  ganglion  of  its  own  segment.    Impressions 
made  upon  the  afiSirent  fibres,  which  proceed  from  any  part  of  the  body  to 
the  cephalic  ganglia^  harmonize  and  direct  the  general  movements  of  the 
body,  by  means  of  the  efferent  nerves  proceeding  from  them.     For  the 
purely  reflex  operations,  on  the  other  hand,  the  ganglia  of  the  ventral  cord 
are  soffioiept,  each  one  ministering  to  the  actions  of  its  own  segment,  and  to 
a  certain  extent  also  to  those  of  the  other  segments.    It  has  be^  ascertained 
by  the  careful  dissections  of  Mr.  Newport,  to  whom  we  owe  all  our  most 
accurals  knowledge  of  the  structure  of  the  nervous  system  in  articulated 
animals,  that  of  the  fibres  constituting  the  roots  by  which  the  nerves  are  im- 
planted in  the  ganglia,  some  pass  into  the  vesicidar  matter  of  the  ganglion, 
and  aflter  coming  into  relation  with  its  vesicular  substance,  pass  out  again  on 
^e  same  side;  whilst  a  second  set,  after  traversing  the  vesicular  matter,  pass 
oal  by  the  trunks  prooeeding  from  the  opposite  side  of  the  same  ganglion ; 
and  a  third  set  run  along  the  portion  of  tJie  cord  which  connects  the  ganglia 
of  diilerent  segments,  and  enter  the  nervous  trunks  that  issue  from  them  at 
a  distance  of  one  or  more  ganglia  above  or  below*    Thus  it  appears,  that  an 
imprenioQ  conveyed  by  an  afferent  fibre  of  any  ganglion,  may  excite  a 
motion  in  the  muscles  of  the  same  side  of  its  own  segment;  <Mr  in  those  of 
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the  opposite  side ;  or  in  those  of  segments  at  a  greater  or  less  distance, 
according  to  the  point  at  which  the  efferent  fibres  leave  the  cord."  The 
degree  of  development  exhibited  by  the  nervous  system  in  this  cbiss  of  ani- 
midsy  as  in  all  others,  bears  a  direct  ratio  to  that  of  the  muscular  system,  the 
distinctness  of  the  organs  of  sense,  and  the  complication  of  the  pedal  and 
tactile  appendages*  When  these  last  are  entirely  wanting,  the  ventral  cord 
exhibits  no  ganglia ;  when  they  are  highly  developed,  these  are  completdy 
and  powerfully  formed.  This  rule  however  is  liable  to  exception,  since  the 
nervous  systems  of  the  Leech  and  the  Earth-worm  are  more  prominently  gan- 
glionic than  that  of  the  Nereids, 

In  the  Leech  the  nervous  system  consists  of  a  long  series  of  minute  ganglia 
joined  by  internuncial  cords ;  these  ganglia  amount  to  about  24  in  number. 
The  anterior  pair,  or  that  immediately  beneath  the  oesophagus,  is  larger  than 
the  rest,  forming  a  minute  heart-shaped  mass,  which  is  circled  by  a  delicate 
nervous  collar  embracing  the  gullet,  with  two  small  nodules  of  neurine 
situated  upon  the  dorsal  aspect  of  the  mouth.  The  diminutive  bodies  last 
mentioned  constitute  that  portion  of  the  nervous  system  most  immediately 
connected  with  sensation ;  for  while  the  nervous  filaments  given  off  from  the 
abdominal  ganglia  are  distributed  to  the  muscular  integuments  of  the  body, 
the  nerves  which  issue  from  the  supraoesophageal  pair  supply  the  oral  sucker 
where  the  organs  of  sense  are  situated.  In  all  homogangUata,  indeed,  it  is 
exclusively  from  this  cephalic  pair  of  ganglia  that  the  nerves  appropriated  to 
the  instruments  of  the  senses  are  derived ;  the  name  of  hrean  may  therefore 
be  aptly  applied  to  this  part,  since  it  is  the  physiological  correlate,  if  not  the 
anatomical  homologon  of  the  cerebral  mass  of  more  highly  organized  beings. 
In  consequence  of  the  rudimentary  character  of  these  ceutres,  the  apparatus 
of  sensation  associated  therewith  must  be  proportionably  rudimentary.  The 
material  machinery  of  an  organ  of  sense  can  only  be  utilized  by  a  corre- 
sponding amount  of  nervous  influence,  and  where  the  latter  exists  the  former 
is  commonly  present.  In  the  HirudincRy  as  in  other  Annelida,  distinct  ocelli 
have  indeed  been  described  by  several  anatomists.  Although  characterized 
by  the  utmost  simplicity  of  structure,  they  are  stated  nevertheless  to  present, 
in  the  degree  of  their  development,  a  proportion  corresponding  to  the  condition 
of  the  cerebral  centres  with  which  they  are  in  relation.  The  eyes  of  the 
Leech  are  eight  or  ten  in  number,  and  are  easily  detected  by  the  assistance  of 
a  lens,  under  the  form  of  a  semicircular  row  of  black  points,  situated  above 
the  mouth  upon  the  sucking  surface  of  the  oral  disc,  a  position  evidently 
calculated  to  render  them  efficient  agents  in  detecting  the  presence  of  food. 
The  structure  of  these  simple  eyes,  according  to  Prof.  Miiller,  does  not  as 
yet  present  any  apparatus  of  transparent  lenses  adapted  to  collect  or  con- 
centrate the  rays  of  light ;  but  each  ocellus  or  visual  speck  would  seem  to  be 
merely  expansions  of  the  terminal  extremity  of  a  nerve  derived  immediately 
from  the  brain,  spread  out  beneath  a  kind  of  cornea  formed  by  a  delicate 
and  transparent  cuticle ;  behind  this  is  a  layer  of  black  pigment,  to  which 
the  dark  colour  of  each  ocular  point  is  due.  These  ocelli  are  detectable  in 
nearly  all  Annelida  in  ultimate  organization ;  in  all  instances,  however,  they 
fall  under  the  description  above  presented.  In  the  Nemertimdce  these  or- 
ganules  are  prominently  visible,  amounting  to  12  or  16  in  number.  The 
Nereids  are  distinguished  for  the  large  size  of  the  eyes,  which  stand  in  relief 
at  the  bases  of  the  tentacles  as  two  black  spots.  Those  who  have  watched 
the  habits  of  the  Nereids  will  scarcely  doubt  that  they  are  gifted  with  the 
power  of  discriminating  external  objects,  of  making  towards  some  point,  and  of 
avoiding  others.  In  the  absence  of  such  an  optical  arrangement  as  may  be 
fitted  to  collect  the  rays  of  light,  the  physiologist,  however,  can  form  no  con« 
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ception  of  the  mechanism  oflight  in  these  animals ;  if  this  endowment  reaUtf  is 
conferred  upon  them^  under  the  conditions  and  in  conformity  with  the  laws 
which  affect  these  organs  in  all  the  higher  animals.  It  were  however  by  no 
means  irreconcileable  with  the  views  entertained  at  present  as  probable  by 
many  philosophers  with  reference  to  the  properties  of  light,  to  suppose  that 
this  subtile  agent  may  be  rendered  perceptible  to  the  sensorium  of  the  hum- 
blest animals,  by  means  of  a  mechanism  very  different  from  that  which  ana* 
tomists  and  opticians  recognize  in  the  apparatus  of  an  eye.  It  is  not  essential 
to  the  practical  purposes  of  the  lowest  forms  of  life  that  the  objects  of  the 
external  world  should  be  seen,  that  pictures  of  them  should  be  painted  upon 
the  retina ;  it  were  enough  that  the  mere  presence  or  absence  of  an  objective 
body  should  become  evident  to  the  sensations  of  the  animal  by  the  posiUve" 
ness  or  negativeness  of  the  impressions  received.  A  refinedly  exalted  sense  of 
touch,  tactile  sensibility,  would  suffice  to  accomplish  this  object.  It  is  not 
easy  for  those  who  have  never  enjoyed  the  spectacle  of  the  '  feat  of  touch,' 
peiformed  by  the  tentaculated  worms,  to  estimate  adequately  the  extreme 
acuteness  of  the  sensibility  which  resides  at  the  extremities  of  the  living  and 
sagacious  threads  with  which  the  head  and  sides  of  the  body  are  garnished. 
They  select,  reject,  move  towards  and  recede  from  minute  external  objects 
with  all  the  precision  of  microscopic  animals  gifted  with  the  surest  eagle* 
sight.  The  necessity  therefore  of  ordinary  organs  of  sight,  in  the  present 
state  of  physical  and  physiological  science,  it  is  by  no  means  essential  to 
admit,  while  acknowledging  that  uneler  agency  and  stimulus  of  light  the 
humblest  beings,  though  unendowed  with  normal  visual  oi^ans,  may  yet 
steer  themselves  harmlessly,  readily  and  unerringly  through  the  thicklv- 
tangled  labyrinth  of  mud  and  stone  and  gravel  and  weed,  amid  the  twilight 
of  which  the  habitat  of  many  of  them  may  have  been  cast. 

It  is  a  remarkable  fact  in  the  history  of  the  Annelida,  that  scarcely  any 
species,  however  organized,  whether  furnished  or  not  with  external  locomo- 
tive organs,  in  its  numerous  and  varied  muscular  evolutions  ever  moves 
dxrecdy  backwards.  The  movements  consist  always  of  serpeutiform  pranks^* 
or  those  of  elaborate  coiling.  It  is  by  the  head  however  that  the  movement 
is  invariably  initiated.  The  tail  is  always  in  the  rear,  never  in  the  van.  The 
animal  never  marches  backwards.  The  head  never  delegates  to  the  tail  the 
authority  of  leadine,  directing  or  controlling  the  evolutions  of  the  frame ; 
not  even  in  the  CJymenidce,  in  which  the  caudal  ganglion  exceeds  the  ce- 
phalic in  dimensions.  The  power  of  retreat  however,  by  exception,  does 
exist  in  the  tubicolous  worms,  and  they  are  ingeniously  provided  with  loco- 
motive appendages  by  which  the  back^movement  is  performed  with  as  much 
facility  as  the  forward.  These  curious  facts  are  well  calculated  to  elucidate 
many  points  of  great  interest  in  the  physiology  of  the  nervous  system  of  these 
annulose  forms.  The  elaborate  dissections  of  Mr.  Newport  have  already- 
proved  beyond  doubt  that  fibres  of  communication,  from  every  part  of  the 
body  of  the  articulated  animal,  converge  upon,  while  others  radiate  from,  the 
central  cephalic  ganglia.  Through  the  intervention  of  such  cords,  these 
masses  become  the  controllers  of  all  the  consensual  muscular  actions  of  the 
body.  As  Dr.  Carpenter  has  argued  with  masterly  clearness,  sensation,  the 
rousing  of  consciousness,  is  involved  in  such  movements.  Although  excited 
by  external  impressions,  they  are  not  automatic — they  are  raised  in  character 
one  degree  above  the  purely  automatic.  Although  stimulated  by  influences 
from  without,  the  cephalic  ganglia,  unlike  the  abdominal,  yet  possess  the 
power  of  subordinating  and  coordinating  a  complex  succession  of  muscular 
evolutions  with  a  view  to  the  attainment  of  a  definite  end.  This  is  insHnctl 
This  r^ulating  power  does  not  however  reside,  even  in  its  lowest  form,  in  the 
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abdominal  ganglia*  These  last  act  unquestionably  on  a  parelj  phjtioal 
principle.  Their  agency  is  exclusively  exoito-motory.  Each  ganglion  is 
limited  in  its  influence  to  the  annulus  to  which  it  belongs.  The  stimulus 
of  external  contact  affecting  the  extremities  of  4ts  afferent  fibres  determinoa 
the  return  force,  the  reaction,  conveyed  to  the  muscles  through  the  medium 
of  the  efferent  nerves.  Though  thus  automatic  in  the  principle  of  their 
action,  the  cephalic  masses  nevertheless  exercise  over  the  abdominal  ganglia 
an  inierfering  influence.  The  force  of  the  former  mingles  with  that  of  tha 
latter  with  a  view  to  its'  guidance  and  direction ;  muscular  agency  is  thua 
moderated  and  governed.  The  automatic  force  originating  in  the  abdominal 
ganglia  confers  on  the  muscles  the  power  of  contraction ;  the  setucUUnuU  or 
insiinciive  influence  of  the  cephalic  masses  directs  this  blind  power,  such  aa 
that  consensual  harmony  and  coordination  may  result  from  the  intrioattt 
evolutions. 

The  laborious  researches  of  Mr.  Newport  on  the  Nervous  System  of  the 
Myriapoda*  apply  with  equal  exactness  to  that  of  the  Annelida.  Expound* - 
ing  the  views  of  Mr.  Newport  and  announcing  his  results.  Dr.  Carpenter 
observes f,  "  The  general  conformation  of  the  articulated  animals  and  tha 
arrangements  of  the  parts  of  their  nervous  system  render  them  peculiarly 
favourable  subjects  for  the  study  of  the  rejkx  actions,  some  of  the  principid 
phasnomena  of  which  will  now  be  described.  The  Manii*  reHgiota  eustoma* 
rily  places  itself  in  a  curious  position,  especially  when  threatened  or  attacked, 
resting  upon  its  two  posterior  pair  of  legs  and  elevating  its  thorax  with  tha 
anterior  pair,  which  are  armed  with  powerful  claws.  Now  if  the  anterior 
segment  of  the  thorax  with  its  attached  members  be  removed,  the  posterior 
part  of  the  body  will  still  remain  balanced  upon  the  four  legs  which  belong 
to  it,  resisting  any  attempt  to  overthrow  it,  recovering  its  position  when  dis- 
turbed,  and  performing  the  same  agitated  movements  of  the  wings  and  elytra 
as  when  the  unmutilated  insect  is  irritated ;  on  the  other  band,  the  detaohad 
portion  of  the  thorax,  which  .contains  a  ganglion,  will,  when  separated  from 
The  head,  set  in  motion  its  long  arms  and  impress  their  hooks  on  the  Angers 
which  hold  iL  If  the  head  of  a  Centipede  be  cut  off  whilst  it  is  in  motion, 
'  the  body  will  continue  to  move  onward  by  the  action  of  the  legs ;  and  the 
same  will  take  place  in  the  separate  parts  if  the  body  be  divided  into  sevaral 
distinct  portions.  After  these  actions  have  come  to  an  end  they  may  be 
exerted  again  by  irritating  any  part  of  the  nervous  centres  or  the  eut  ex- 
tremities of  the  nervous  cord.  The  body  is  moved  forwards  by  the  regular 
and  successive  actions  of  the  legs,  as  in  the  natural  state ;  but  it$  mov€mmit$ 
are  ahoaye  fortoardSi  never  backwards^  and  are  only  directed  to  one  aide 
when  the  forward  movement  is  checked  by  an  interposed  obstacle.  Henoei 
although  they  might  seem  to  indicate  consciousness  and  a  guiding  will,  they 
do  not  so  in  reality,  for  they  are  carried  on  as  it  were  mechanically,  and  show 
no  direction  of  object,  no  avoidance  of  danger.  If  the  body  be  oppoaed  in 
its  progress  by  an  obstacle  of  not  more  than  half  of  its  own  height,  it  mounts 
over  it  and  moves  directiy  onwards  as  in  its  natural  state  {  but  if  the  obstacle 
be  equal  to  its  own  height,  its  progress  is  arrested,  and  cut  extremities  of  the 
body  renuiin  forced  up  against  the  opposing  substance,  tha  legs  still  eon* 
tinuing  to  move.  If,  again,  the  nervous  cord  of  a  Centipede  be  divided  in  the 
middle  of  the  trunk,  so  that  the  hinder  legs  are  cut  ofi^  from  connexion  with 
the  cephalic  ganglia,  they  will  continue  to  move,  but  not  in  harmony  with 
those  of  the  fore<part  of  the  body,  being  completely  paralysed,  so  far  aa  tha 
animars  controlling  power  is  concerned,  though  still  capable  of  performing 

*  See  Newport  in  the  PhiloBophical  Transactiimi  for  1848. 
t  PiinciplBS  of  Gsnonl  and  Cosapirstivo  Physiology. 
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reflex  mbvements  by  the  inflaeoce  of  their  own  ganglia,  which  may  thus  con- 
tinue to  propel  the  body  in  opposition  to  the  determinations  of  the  animal 
itKlf.  The  case  is  still  more  remarkable  when  the  nervous  cord  is  not 
merely  divided,  but  a  portion  of  it  is  entirely  removed  from  the  middle  of 
the  trunk,  for  the  anterior  legs  still  remain  obedient  to  the  animal's  control ; 
the  tegs  of  the  segments  from  which  the  nervous  cord  has  been  removed  are 
altogether  motionless,  whilst  those  of  the  posterior  segments  continue  to  act, 
through  the  reflex  power  of  their  own  ganglia,  in  a  manner  which  shows  that 
the  animal  has  no  power  of  checking  or  directing  them." 

Parallel  experiments  to  the  preceding,  performed  on  any  of  the  Annelida, 
lead  invariably  to  corresponding  results.  From  these  and  similar  observa* 
tions,  the  conclusion  may  be  safely  drawn  that  the  ordinary  movements  of 
the  locomotive  appendages  of  annulose  and  articulated  animals  are  rejUx  in 
character,  and  may  take  place  under  the  exclusive  agency  of  the  ganglia  cf 
the  mgnunit  to  which  they  may  be  superadded,  whilst  in  the  perfect  being 
these  movements  are  harmonized,  controlled  and  directed  by  impulses  which 
act  through  the  cephalic  ganglia  and  the  nerves  proceeding  from  them.  As 
formerly  stated,  the  operations  to  which  these  latter  ganglia  are  subservient 
are  entirely  of  a  consensual  nature,  being  immediately  prompted  by  sen- 
sations, chiefly  those  of  sight  and  hunger,  and  never  by  any  processes  of 
a  truly  rational  character.  The  habits  of  the  Annelida,  however  atten- 
tively  watched,  suggest  irresistibly  the  inference,  that,  although  evidently 
directed  to  the  attainment  of  certain  ends,  they  are  very  far  from  being  of 
the  same  spontaneous  nature,  far  from  indicating  the  same  designed  adapta- 
tion of  means  to  ends,  as  those  of  the  higher  and  more  intelligent  animals. 
The  actions  of  these  little  humble  beings  are  uniform  and  unvarying,  for 
ever  repetitions— the  different  individuals  of  the  same  species  executing  pre- 
cisely the  same  movements  when  the  circumstances  are  the  same — and  by 
the  very  elaborate  nature  of  the  mental  operations  which  would  be  required, 
in  many  instances,  to  arrive  at  the  same  results  by  an  effort  of  reason.  The 
SabelkB  in  the  construction  of  their  tubes  repeat  the  same  invariable  *  round '« 
of  actions ;  they  obey  an  impulsive  principle  which  discovers  no  change  of 
plan.  The  T^meUcB  gather  the  shell-fragments  for  the  manufacture  of  their 
tabes  on  principles  of  the  same  monotonous  uniformity.  The  Sand'lug  un- 
dermines the  strand,  generation  after  generation,  with  exact  and  undeviating 
regularity.  Though  governed  only  by  the  unreasoning  impulses  of  instinct, 
these  little  worms  yet  construct  for  themselves  habitations,  which,  in  elegance 
of  arrangement  or  appropriateness  of  structure,  the  most  enlightened  human 
iBtdligence,  working  on  the  most  refined  geometrical  principles,  could  not 
surpass. 

It  is  not  easy  to  express  the  pleasure  which  is  excited  in  the  mind  of  the 
observer  of  nature  while  contemplating  the  habits  and  manners  of  the  An- 
nelida. Every  movement  exemplifies  the  curve  of  beauty ;  every  tentacle 
winds  ceaselessly  and  rapidly  through  a  thousand  forms  of  matchless  grace. 
Whether  coiling  round  a  visible  object,  or  picking  up  a  microscopic  molecule 
for  the  construction  of  the  cell,  it  exhibits  a  delicacy  and  precision  of  aim 
which  the  erudite  finger  of  the  most  skilful  artisan  never  equalled.  The  re- 
fined perfection  of  its  muscular  performances  is  matched  only  by  its  exquisite 
sensibility.  Like  the  human  hand,  of  which  the  manifold  endowments  have 
exhausted  the  admiring  eloquence  of  philosophers  and  theologians,  it  unites 
in  its  little  self  the  most  varied  capacities.  It  is  at  once  an  eye,  an  ear,  a 
nose  and  a  finger ;  it  sees,  it  hears,  it  smells,  it  touches  I  Leading  for  the 
most  part  a  sabaqueous  or  subterranean  life,  <Jie  sense  of  sight  in  the  Annelid 
is  iiUla  raqoirad;  and  gifted  in  every  part  of  the  body  with  a  superlative 
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tenderaetB  of  touch,  the  sense  of  heaiiog  is  rendeied  aooeeeanury.  Anatomj 
aocordiogly  demonstrates  only  the  obscurest  rudiments  of  an  organ  of  vision^ 
while  that  of  hearing  has  eluded  the  scrutiny  of  the  minntest  ezaminatioiL 
Is  it  not  to  be  marvelled  at  that  these  humble  beings  should  see  without  eyes, 
hear  without  ears»  and  smell  without  a  nose?  It  is  not  affirmed  that  this  is 
literally  and  entirely  true,  but  it  b  exact  to  a  degree  enough  to  prove  the 
wondrous  manner  in  which  the  sense  of  touch  is  made  to  supersede  all  the 
other  senses. 

Whether  progressing  on  the  solid  surface,  or  moving  through  water,  or 
tunneling  the  sand,  advancing  or  retreating  in  its  tube,  the  Annelid  performs 
muscular  feats  distinguished  at  once  for  their  complexity  and  harmony.  In 
grace  of  coil  the  little  worm  exceb  the  serpent.  In  regularity  of  mareh  the 
thousand-footed  Nereid  out-rivab  the  Centipede.  The  leaf-armed  Phyllo- 
doce  swims  with  greater  beauty  of  mechanism  than  the  fish,  and  the  vulgar 
earth-worm  shames  the  mole  in  the  exactitude  and  skill  of  its  subterranean 
operations.  Why  then  should  **  the  humble  worm  "  have  remained  so  long 
without  a  historian  ?  Is  the  care,  the  wisdom,  the  love,  the  paternal  solici- 
tude of  the  Almighty  not  legible  in  the  surpassing  organism,  the  ingenious 
architectures,  the  individual  and  social  habits,  the  adaptation  of  structure  to 
the  physical  conditions  of  existence  of  these  **  degraded  "  beings  ?  Do  not 
their  habitations  display  His  care,  their  instincts  H^  wisdom,  their  merrimeU 
His  love,  their  vast  specific  diversities  His  solicitous  and  inscrutable  Provi- 
dence? 


Second  Report  on  the  Facts  0/ Earthquake  Phenomena. 
By  Robert  Mallet^  C.E.,  M.RJ^. 

In  my  previous  Report  upon  the  Facts  of  Earthquake  Phaenomena,  printed 
in  the  Transactions  of  the  British  Association  for  1850,  I  stated  in  conclu- 
sion my  hope,  with  the  permission  of  the  Association,  to  supply  in  a  second 
report  answers  to  five  desiderata  which  I  named. 

The  present  is  an  endeavour  to  fulfill  this  with  respect  to  four  out  of  these 
five,  which  were— 

1st.  A  complete  catalogue  or  chronology  of  earthquakes  from  the  earliest 
times  to  the  present  day,  discussed  with  reference  to  time  and  to 
distribution  over  the  earth's  surface. 
2nd.  Earthquake  maps  founded  upon  this  dbcussion. 
Srd.  As  complete  a  bibliography  of  earthquake  literature  as  might  be 

collected. 
4th.  An  account  of  my  own  experimental  admeasurements  now  (1850)  io 
progress,  of  the  rate  of  earthquake-wave  transit,  through  some  of  the 
rocky  and  incoherent  formations  of  the  earth's  surface. 
5th.  An  account  of  the  progress  made  in  the  construction  of  a  self-re- 
gistering seismometer,  with  the  aid  of  the  British  Association. 
It  will  be  most  convenient  to  proceed  with  the  fourth  desideratum  in  the 
above  list  first 

The  views  promulgated  by  me  in  1846  (Trans.  R.I.  Acad.),  in  which  for  the 
first  time  I  sought  to  connect  into  a  systematic  whole,  the  three  grand  classes 
of  phaenomena,  of  which  (more  or  less  varied)  every  earthquake  consists,  and 
to  frame  them  into  a  consistent  theory,  upon  the  basis  that "  an  earthqu^^  i^ 
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the  traQBit  throagh  the  earth's  cnut  of  a  wave  of  elastic  compression/'  though 
received  at  first  with  some  hesitation^  perhaps  with  doubt,  appear  rapidly  to 
have  claimed  the  general  assent  that  verisimilitude  warranted,  and  indeed  now 
have  been  admitted  as  a  portion  of  our  systematic  knowledge  in  the  works 
of  Somerviile,  De  la  Beche,  Lyell,  and  others.  It  always  however  appeared 
desirable  to  me  that  the  truth  should  be  submitted  to  an  '*  ezperimentum 
crucis,"  and  in  the  original  paper  above  noticed,  as  also  in  the  '  Admiralty 
Manual/  I  proposed,  as  an  important  object  to  physical  experimentalists,  to 
determine  the  actual  rate  and  other  conditions  of  propagation  of  elastic  waves 
or  pulses  through  the  various  formations  of  the  earth's  crust  when  artificially 
produced  by  the  explosion  of  gunpowder,  to  be  fired  at  known  distances  from 
the  points  of  observation  by  means  of  the  galvanic  battery,  the  time  of  wave 
transit  to  be  noted. 

The  subject  not  having  been  taken  up  by  others,  doubtless,  amongst  other 
reasons,  because  few  competent  experimenters  are  found  in  circumstances  of 
locality  suited  for  such  experiments,  or  can  command  the  time  and  personal 
labour  demanded  for  conducting  them,  not  to  speak  of  the  large  expenditure 
in  money  which  such  operations  require,  I  undertook  the  task,  and  with  the 
able  and  zealous  assistance  of  my  eldest  son,  William  Mallet,  whose  help, 
efficient  beyond  the  promise  of  his  years,  I  acknowledge,  with  I  trust  a  par- 
donable pride,  have  been  enabled  to  complete  it  during  the  summers  and 
autumns  of  the  years  1 849-50. 

The  precise  object,  then,  that  I  set  before  me  was  to  measure  the  transit 
rate  of  pulses  in  two  different  media,  such  as  might  be  considered  to  give 
the  extreme  limits  ofspeed,  viz.  the  fastest  and  the  slowest,  likely  to  be  found 
in  any  of  the  formations  occupying  considerable  tracts  of  the  earth's  crust. 

It  would  doubtldss  be  found  that  the  limits  of  wave  slownesi  should  occur 
in  some  discontinuous  medium,and  in  this  the  most  rapid  extinction  of  impulse 
would  also  occur.  Preliminary  knowledge  already  pointed  out  solid  granite 
or  other  crystalline  rock  as  the  medium  giving  the  limits  of  wave  fa^ne$i^ 
and  that  in  what  the  impulse  would  be  transferred  furthest. 

It  fortunately  happened  that  both  these  media  could  be  commanded  at  the 
distance  of  a  few  miles  from  Dublin,  at  a  point  of  the  coast  easily  accessible 
by  railway,  and  offering  the  requisite  conditions  of  uniformity  of  medium 
over  a  sufficient  range  and  depth  for  experiment, — nearly  level  surface  for 
admeasurement  of  the  ranges,  and  a  locality  such  that  the  required  explo- 
sions could  be  made  free  from  danger  to  other  persons  and  without  inter- 
ruption. 

ICilliney  Bay,  on  the  coast  of  the  County  of  Dublin,  offered,  along  Its 
widely  extended  beach,  a  mass  of  wet  sand  admirably  circumstanced  and 
suited  for  one  limit,  while  the  granite  of  Dalkey  Island,  closely  adjacent  and 
not  half  a  mile  from  the  shore,  about  a  mile  northward,  gave  as  a  medium 
the  other  limit  of  wave  transit  which  is  not  likely  to  be  exceeded  by  at  least 
anvEuropean  formation. 

The  map  (Plate  XII.)  shows  the  positions  finally  chosen  for  both  sets  of 
experiments,  the  directions  and  lengths^f  the  two  measured  ranges  being  in- 
dicated by  dark  lines :  AB,  the  Killiney  Bay  range  in  sand ;  CD,  the  Dalkey 
Island  range  in  granite. 

The  sites  being  determined,  I  made  application  to  the  commanding  officers 
of  Engineers,  and  to  those  of  the  Coast  Guard,  to  obtain  the  assistance  of 
the  non-commissioned  officers  and  men  of  both  services,  stationed  in  the 
several  batteries  along  the  line  of  adjacent  coast,  and  for  permission  to  use 
one  or  more  of  the  batteries  as  places  of  deposit  for  our  instruments ;  and  I 
have  to  acknowledge  the  prompt  and  cordial  manner  in  which  my  requests 
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were  aceeded  to,  and  the  efficient  assistanoe  that  was  rendered  as  by  the 
eztremelj  intelligent  men  both  of  the  Artillery  and  Coaat  Goard  senrioes 
whose  cooperation  we  obtained. 

I  now  proceed  to  describe  the  operations  and  instrumentB  used  in  the  ex- 
periments as  to  the 

Eaie  cf  W(we4ransU  in  the  KiiUn^  Bay  Sand. 

The  site  for  this  class  of  experiments  was  chosen  on  the  shore  of  KiHinej 
Bay,  where  a  straight  and  almost  perfectly  leyel  range  of  strand,  consisting 
wholly  of  deep  and  dead  sand,  of  particles,  chiefly  of  qaartz,  from  the  size  of 
small  pins'  heads  to  large  mustard  seed,  resting  on  a  deep  bed  of  hard  clay 
and  gravel,  is  found  stretching  along  more  than  five  miles  of  shore,  free  from 
all  rock  in  niUj  and  with  but  very  few  small-sized  granite  boulders  at  one  or 
two  spots  imbedded  in  the  sand. 

The  sand  contiuns  from  80  to  90  per  cent  of  white  and  yellow  quartz, 
about  6  or  8  per  cent  of  gray  and  green  slate,  S  or  4  per  cent  of  black  ar^ 
gillaceous  limestone,  effervescing  with  acids,  all  in  grains,  and  occasional 
fragments  of  felspar,  schori,  and  mica.  The  specific  gravity  of  the  whole 
taken  in  water  is  2*481 .  A  cubic  foot  of  its  solid  materiab  would  therefore 
weigh  155*06  lbs.  avoir.  A  cubic  foot  of  the  moist  sand  was  ascertained  by 
experiment  to  weigh,  when  compressed  to  about  the  same  extent  as  it  is  found 
on  the  strand,  11 1*05  lbs.  The  degree  of  porosity,  or  the  amount  of  intersti- 
tial space  in  the  sand  to  its  solid  material  in  a  given  bulk,  u  in  the  ratio  of 
44*01  :  111*05,  or  very  nearly  as  1  :  2*5. 

Measuring  t^ie  Base, — On  the  18th  of  July,  1849,  a  range  of  a  statute 
mile  =5280  feet,  was  roughly  marked  out,  staked  and  chained  over  by  myself, 
William  Mallet  and  Prof.  Downing,  T.C.D.,  who  kindly  assisted  us  in  the 
measurement  Two  accurately  made  fir-wood  measuring-rods  were  prepared, 
each  of  2^  inches  square  in  the  middle,  lessening  to  1^  inch  at  each  end,  and 
of  35  feet  in  length,  shod  with  brass  at  both  ends,  which  tapered  to  ^  inch 
square  (see  Diag.  1.).    These  were  accurately  adjusted  by  a  brass  two-foot 

TerwumUimu  qf  Rod, 
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Disg.  1. 


standard,  made  by  Troughton,  in  the  possession  of  Mr.  George  Yeates  of 
Dublin,  mathematical  instrument  maker,  and  said  to  be  a  copy  of  the  old 
Exchequer  standard,  which  he  lent  for  the  purpose.  The  final  adjustments 
were  made  by  a  micrometer,  dividing  on  the  varnished  face  of  the  wood  and 
on  the  straight  side,  both  the  rods  lying  parallel  on  a  bench  prepared  to  sup- 
port them  level  and  straight  The  adjustment  was  compared  on  the  day  of 
measurement  and  found  correct  The  wood  was  stra^ht-grained  yellow 
pine^fir,  quite  dry  and  seasoned. 

The  mile  to  be  measured  accurately,  having  been  now  exactly  ranged  ont 
by  the  theodolite  and  pegged  in  line,  a  heavy  oak  stake  of  6  inches  square  was 
driven  down  4  feet  into  the  sand,  at  the  northern  extremity  of  the  range 
(just  under  the  battery.  No.  7»  Killiney  Bay),  and  a  brass  composition  nul 
was  driven  into  the  centre  of  the  head  of  the  stake  when  level  with  the  sur- 
ftce  of  the  sand. 

A  cord  of  about  250  yards  in  length  was  now  stretched  by  hand  from  this 
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point,  precisely  in  the  range  with  the  first  peg  or  ranging-rod,  and  let  to 
lie  on  the  snnaoe.  One  of  the  35-foot  rods  was  now  laid  down  upon  the 
level  sand  along  the  line  (which  the  cord  served  accurately  to  mark),  the 
extremity  of  the  rod  being  over  the  centre  of  the  brass  nail  in  the  stake  head. 
Three  pieces  of  deal  board  of  12  inches  square  each  and  |  inch  thick,  were 
provided,  and  one  of  these  was  placed  flat  on  the  sand  with  its  centre  under 
the  other  extremity  of  the  S5-foot  rod. 

The  other  rod  was  now  placed  along  the  cord  in  line  with  the  former,  one 
of  its  extremities  being  laid  within  an  inch  or  so  of  that  of  the  former  rod, 
and  the  other  upon  a  similar  piece  of  board  (see  Diag.  2).     One  person 

Tenmnal  ^ 

■take.  D     .2  .  A  B 

86  feet.  35liBet. 

(Downing)  stooping,  now  brought  the  ends  of  the  two  rods  gently  together 
and  into  contact  upon  the  board  A. 

Another  person  (the  writer)  observed  that  the  extremity  of  the  second 
rod  upon  the  board  B  was  not  deranged  or  brought  out  of  line  in  doing  this, 
and  that  it  was  not  shifted  until  the  first  rod  had  been  again  applied  to  it  in 
advance. 

As  soon  as  the  visual  contact  was  made  at  A,  Downing  gave  the  word 
(lift)>  and  two  gunners,  placed  at  the  positions  «;,  «,  lifted  the  first  rod  pa- 
rallel to  itself,  carried  it  forward,  and  deposited  it  in  advance  with  its  rear- 
ward extremity  again  on  the  board  B,  and  within  an  inch  or  so  of  the  second 
rod ;  the  other  end  being  laid  down  on  the  third  board  (C),  which  was  carried 
forward  by  another  assistant  in  readiness,  and  who  ran  back  for  the  board  A 
as  soon  as  he  had  deposited  C.  Downing  now  again  brought  the  rods*  ends 
into  visual  contact  and  gave  the  word  (lift),  when  the  rear  rod  was  lifted  and 
carried  forward  by  two  other  gunners  placed  at  y  and  z ;  and  thus  the  mea- 
surement proceeded,  the  rods  being  alternately  carried  forward  and  their 
extremities  brought  into  contact  as  described,  guided  in  range  by  the  cord 
and  stakes,  the  cord  itself  l>eing  strained  afresh  when  its  end  was  nearly  reached. 

A  third  assistant  (William  Mallet)  kept  account  of  the  number  of  appli- 
cations of  the  rods,  or  rods'  lengths,  as  a  check  upon  the  counting  of  Downing 
and  myself.  The  rate  of  progress  thus  made  was  extremely  rapid,  nearly  if 
not  quite  as  fast,  when  the  men  became  accustomed  to  it,  as  common  chain 
measurement,  and  its  accuracy  seemed  very  great. 

As  there  are  5??2=1320  feet  in  a  quarter  of  a  mile,  and  l|?2=S7+25 
4*  35 

feet,  there  were  only  38  permutations  to  reach  a  quarter  of  a  mile.  As  soon 
as  the  38th  rod  was  laid  down  and  brought  into  contact  it  was  '4et  lie,"  and 
then  from  its  rearward  extremity,  25  feet  was  counted  off  along  the  rod,  and 
a  fine  string  was  passed  across  the  25  foot-mark,  at  right  angles  to  the  rod, 
reaching  about  6  feet  each  way ;  a  stake  was  driven  temporarily  in  at  each 
end  of  this  to  fix  the  string ;  the  string  loosed  and  the  35-foot  rod  removed, 
and  the  string  again  replaced.  The  intersection  of  this  string,  A,  B,  with 
the  ranging  cord,  C,  D,  gave  then  the  exact  spot  of  the  termination  of  the 
first  quarter-mile  (see  Diag.  3).  Both  the  cords  were  now  laid  aside,  and  the 
permanent  6-inch  square  oak  terminal  stake  driven  4  feet  to  a  level  with  the 
sand.  The  ranging  cord  and  transverse  string  were  now  replaced,  and  at 
their  point  of  intersection  over  the  stake-head  a  brass  composition  nail  was 
driven  into  the  oak,  which  marked  the  precise  termination  of  the  first  quarter- 
mile.    The  measurement  then  of  the  second  quarter-mile  proceeded  in  the 
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iame  mannery  and  io  oo  to  ibe  end  of  the  statute  mite,  marking  eadi  quarter* 
mile  as  before^  and  also  the  extremity  of  the  mile,  by  oak  6-inch  stakes  and 
brass  nails. 


tonL 


Diag.3. 
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This  work  was  done  on  the  18th  and  19th  of  July,  1849.  The  only  diffi- 
cnlty  experienced  was  in  crossing  the  Shanganah  River  at  its  mouth ;  here  the 
S5-foot  rods  had  to  be  carried  orer  the  water  on  stakes  temporarily  driven  in, 
the  several  parties  operating  wading  in  the  water,  and  a  possible  error  of 
perhaps  two  inches  may  have  occurred  here ;  but  from  the  checkiog  of 
this  operation  over  the  rest  of  the  line  with  the  steel  chain,  and  with  tlie 
same  operation  repeated  over  parts  of  the  line  with  the  rods,  I  believe  the 
whole  mile  to  be  measured  correctly  within  an  error  of  4  or  5  inches  at  moit 
The  first  half-mile,  going  from  north  to  south,  is  almost  perfectly  level;  m 
the  next  quarter-mile  the  surface  of  the  sand  descends  with  almost  perfect 
uniformity  from  about  the  level  of  high  water  to  that  of  low  water  of  ordi: 
nary  tides,  say  nearly  10  feet,  and  again  as  gradually  rises  up  to  the  eIU^ 
mitT  of  the  mile  at  the  south.  This  arose  from  the  base  line  being  a  chofd 
to  the  curved  line  of  beach  of  the  bay.  As  the  measurement  was  made  along 
the  surface  of  the  sand  all  the  way,  except  crossing  Shanganagh  River,  an 
allowance  must  be  made  for  this  dip  and  rise  again. 


North 


This,  when  calculated,  gives  a  difference  between  the  line  measured  aloos 
the  surface  of  the  sand  and  the  true  straight  line  carried  through  firom  end 
to  end|  of  rather  less  than  1^  inch. 

Subsequent  remarks  will  show  that  this  part  of  the  base  line  became  whoUy 
unimportant  to  the  experiments. 

The  preparation  of  the  several  instruments  and  materials,  with  some  ioe* 
vitable  delays,  occupied  the  time  between  this  and  the  25th  of  October,  184^ 
when,  all  beine  complete  and  the  powder,  with  the  galvanic  batteries  for 
firing  deposited  at  the  tower  No.  9  and  battery  No.  7,  a  set  of  prelimiBUj 
experiments  was  made  to  ascertain  what  quantity  of  powder  it  would  be  ne- 
cessary to  explode  in  order  to  render  the  pulse  perceptible  by  the  seismoaeope 
at  the  distance  of  a  mile. 

To  this  end  twelve  canisters  of  tin  plate  were  made,  each  of  which  eon- 
tained  two  pounds  of  powder,  with  room  for  the  priming  powder  and  wirO) 
&C.  These  canisters  were  cylinders  of  about  8  inches  long  by  4  inchea  dia- 
meter, with  an  opening  of  1^  inch  diameter  at  each  end,  prepared  with  a  seek 
to  be  closed  by  a  bung-cork.    The  primings  were  made  of  wood;  a  copper 
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wire,  diameter  16  Birmingham  wire-gauge,  flattened  and  screwed  to  each 
side ;  a  fine  platina  wire  efreched  between  and  soldered  to  both  ,•  the  diameter 
of  the  platina  wire  that  answered  best  was  found  to  be  such  that  2  inches  of 


PHmmg  Cartridget^  nearly  halfiize. 


Copper  wire. 


Copper  wire. 


Pftper  ooTer. 


Paper. 

Longiiudmal  section, 

it  weighed  1*62  grain  =0*014>75,  or  nearly  ^^th  of  an  inch  diameter,  larger 
wire  requiring  too  much  time  and  energy  of  battery  to  heat  properly,  and  a 
finer  wire  losing  heat  so  rapidly  by  conduction  as  to  be  uncertain  of  firing 
the  powder. 

Taking  the  hint  from  this  fact,  it  was  found  that  the  ignition  was  both 
made  certain  and  quickened  by  wrapping  the  wire  round  with  gun-cotton, 
whose  bad  conducting  property  and  low  temperature  of  ignition  make  it 
?aluable  in  the  galvanic  priming  for  common  powder.  This  being  done,  the 
hollow  of  the  w<>od  frame  A  was  filled  with  fine  glazed  rifle  powder,  well-dried, 
and  then  a  piece  of  fine  thin  paper  was  pasted  round  over  all.  This  priming 
cartridge  being  inserted  tlirough  the  apertures  in  the  ends  of  the  canbters, 
the  copper  wires  extending  out  at  each  end,  a  perforatec^  bung-cork  was 
slipped  over  one  wire  and  secured  in  the  neck  of  the  canbter,  which  was  then 
filled  up  with  Dartford  blasting  powder ;  the  other  bung  was  then  inserted. 
The  two  wires  outside,  each  about  5  feet  long,  were  now  wrapped  round 
spirally  with  calico  dipped  in  lac  varnish,  to  insulate  them ;  and  finally,  the 
bung-corks  at  each  end  were  dipped  into  or  coated  with  resinous  cement,  so 
as  to  make  the  whole  canister  water-tight.  The  wires  being  then  coiled 
loosely  up,  they  were  complete. 

I  waa  indebted  to  Mr.  Bergin  of  the  Dublin  and  Kingstown  Railway,  for 
the  use  of  his  powerful  and  convenient  modification  of  Davison's  galvanic 
battery*,  of  which  I  had  two  troughs,  consisting  of  six  double  cells  each, 
of  cast  iron  and  zinc  elements. 

The  c&t-iron  plates  were  immersed  in  strong  commercial  nitric  acid  mixed 
with  commercial  sulphuric  acid  and  placed  in  porous  earthen  troughs,  and 
opposed  on  each  side  by  a  zinc  plate  immersed  outside  the  porous  troughs  in 
commercial  sulphuric  acid  diluted  with  water.  The  surface  in  action,  when 
this  battery  was  in  train,  was  for  both  sides  of  each  cast-iron  plate  168'75 
square  inches,  and  for  the  two  opposed  zinc  surfaces  84*37  square  inches  in 
each  element  It  is  unnecessary  to  enter  into  details  here  as  to  the  very 
convenient  arrangements  for  uniting  and  disconnecting  the  plates. 

The  igniting  or  deflagrating  powers  of  this  form  of  battery  are  enormous ; 


*  See  Ueut.  HntchixiBon'i  >f em.  Pfof.  Pap.  Roy.  Eng.,  vol.  vii. 
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with  12  oellB  io  action,  a  solid  copper  wire  of  nearly  a  quarter  of  an  indi  in 
diameter  could  be  almost  instantly  soldered  on  to  a  shilling  laid  on  one  of  the 
binding  screws  of  the  opposite  terminal  plate.  The  exciting  fluids,  as  actually 
used,  will  be  stated  hereafter. 


It  will  now  be  convenient  to  describe  the  instrument  which  I  had  con- 
structed  for  the  purpose  of  rendering  visible  to  the  eye  the  very  feeblest 
impulses  or  shocks,  when  communicated  from  the  shaken  ground  to  the  in- 
strument 

The  original  idea  of  this  instrument,  which  I  have  named  the  Seismoscope, 
and  to  whose  sensibility  much  of  the  success  of  these  experiments  is  due, 
suggested  itself  to  me  from  observing  the  facility  with  which  the  image  of  a 
fixed  star  was  obliterated  when  reflected  from  the  surface  of  still  water  by 
the  slightest  disturbance  of  the  fluid ;  and  I  at  first  proposed  to  observe  through 
a  telescope  the  image  of  the  flame  of  a  candle  reflected  at  an  incident  angle  of 
4>5^  from  a  trough  of  mercury,  and  take  the  moment  of  its  disturbance  from 
the  disappearance  of  the  flame.  On  communicating  this  however  to  my  friend 
Dr.  Robinson,  Astronomer  Royal,  Armagh,  who  has  throughout  taken  a 
lively  interest  in  these  experiments,  and  to  whom  I  am  indebted  for  many 
valuable  suggestions  and  aid  in  the  discussion  of  our  results,  he  proposed 
to  substitute  for  the  candle-flame  the  image  of  a  pair  of  cross  wires  placed  in 
the  focus  of  an  achromatic  object-glass,  incident  at  45^  on  the  mercury,  and 
received  by  another  achromatic  telescope  at  an  equal  angle,  provided  with 
one  or  two  crossed  wires  intersecting  the  image  of  the  former,  and  t^  note  the 
total  dimppearance  of  the  former  at  the  moment  of  impulse. 

The  importance  of  this  improvement  was  evident,  and  the  instrument  was 
constructed  accordingly. 

The  Seismoscope  (PI.  XII I.  fig.  3)  consists  of  a  cast-iron  base  plate,  a  a, 
of  20  inches  in  length  and  8  inches  in  width,  and  ^  an  inch  in  thickness ;  on 
the  centre  of  the  surface  of  which  is  placed  a  cast-iron  rectangular  trough,  ft, 
of  12  inches  long,  4  inches  wide,  and  2  inches  in  depth,  accurately  planed 
and  brought  true  in  all  its  surfaces,  and  black  varnished  externally.  At 
either  end  of  this  trough  a  brass  vertical  sliding  pillar  is  screwed  in,  one  of 
which  carries  a  tube,  c,  provided  with  an  achromatic  object-glass  at  its  lower 
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endy  and  a  pair  of  cross  wires  at  its  focus.  The  other  carries  a  small  achro- 
matic telescope^  dy  of  the  same  aperture  aod  provided  with  one  vertical  wire* 
Both  tube  and  telescope  are  jointed  so  as  to  admit  of  motion  in  the  vertical 
angle,  and  by  means  of  the  sliding  pillars  and  screw-collars  on  them,  can 
either  be  rotated  round  the  axis  of  the  pillars  or  moved  up  and  down  parallel 
therewith. 

When  the  cast-iron  trough  is  filled  to  the  depth  of  1  inch  with  dean 
mercury,  and  the  perforated  blackened  tin  cover,  e,  e,  shown  in  dotted  lines, 
laid  on  it,  which  excludes  all  light  except  what  can  reach  the  surface  of  mer- 
cury through  the  tube  or  telescope,  and  when  the  latter  are  placed  in  the 
same  plane,  and  at  angles  of  45^  to  the  surface  of  the  mercury  =90°  to  each 
other ;  then,  while  the  castpiron  base  plate  and  trough  are  perfectly  still,  the 
image  of  the  cross  wires  of  the  tube  are  seen  steadily  reflected  in  the  surface 
of  the  mercurial  mirror,  and  intersected  by  the  vertical  wire  of  the  telescope ; 
but  the  slightest  movement  communicated  to  the  whole  instrument,  or  to 
any  part  of  it,  causes  this  image  either  to  flicker  or  to  disappear  wholly  for 
the  moment 

In  daylight  the  image  is  produced  of  course  by  the  light  of  the  sun ;  but 
as  it  was  thought  possible  that  these  experiments  would  require  to  be  con- 
ducted during  the  silence  and  quiet  of  night,  a  lamp,  ^,  sliding  upon  a  move- 
able iron  rod,  was  added ;  parallel  rays,  transmitted  through  a  screen  of  oiled 
parchment  from  this  lamp,  were  adapted  to  pass  into  the  tube,  c.  This  part 
of  the  arrangement  also  was  suggested  by  Dr.  Robinson,  but  we  never  found 
night  observations  requisite. 

As  the  movement  or  disappearance  of  the  image  is  caused  by  the  momen- 
tary passage  of  a  small  wave  across  the  face  of  the  otherwise  undisturbed 
mercury,  and  as  the  front  and  rear  slopes  of  this  wave  in  their  passage  across 
the  field  act  as  the  surfaces  of  a  mirror  whose  angles  of  inclination  to  the 
line  of  collimation  of  the  cross- wire  tube  are  variable,  so,  the  angles  of  inci- 
dence and  reflexion  being  always  equal,  any  deviation  produced  is  doubled 
when  seen  in  the  axis  of  the  collimating  telescope. 

This  telescope  has  a  focal  length  of  7*40  inches.     If  F=this  focal  length, 
y=the  distance  of  distinct  vision=(for  R.  Mallet)  IS  inches,  and  Msthe 
magnifying  power  of  the  telescope,  then 
y 
Mx-^=the  magnifying  of  an  object  seen  in  the  apparatus, 

or 

Hence  the  total  power  of  the  instrument  to  magnify  any  small  disturbance 
and  make  it  apparent  is  2 x  ll*S9aa22*78,  or  nearly  2S  times. 

Its  actual  sensibility  b  very  great,  such,  that  resting  upon  solid  granite 
rock,  a  blow  of  a  light  hammer  on  the  rock  can  be  perceived  at  100  yards 
off*;  a  stamp  with  the  foot  at  50  or  60  yards>  and  on  compact  sand  or  clay,  a 
horse  trotting  can  be  observed  at  a  quarter  of  a  mile  away.  In  towns  the 
motion  of  the  most  solid  buildings  or  of  the  ground  is  so  c<Aitinual  that  it 
is  not  possible  anywhere  to  see  the  cross  wires  at  all. 

As  Uie  transit  of  any  elastic  wave  or  pulse  is  rendered  evident  by  this  in- 
strument, in  virtue  of  the  production  and  transit  of  a  small  fluid  wave  through 
the  mercury  of  the  trough  and  along  its  surface  (a  small  wave  of  transition  \ 
and  as  this  wave  is  observed  at  the  moment  of  its  transit  across  the  middle 
point  of  the  trough,  which  is  intersected  by  the  optic  axes  of  the  two  tele- 
scopes, and  as  the  time  occupied  by  the  raising  and  transmiti^iug  of  this 
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mercurial  wave  requires  to  be  knowu,  in  order  that  the  one  half  of  the  time 
of  production  and  transit  may  become  a  conatanty  which  will  enter  into  the 
result  of  every  observation  made  with  the  instrument,  it  was  necessary  rigidly 
to  determine  this  time* 

It  was  conceived,  in  the  first  instance,  that  as  the  length  of  the  trough  was 
in  direction  with  the  line  of  transit  of  the  elastic  wave  producing  the  dis- 
turbance, the  mercurial  wave  would  be  produced  by  the  stroke  of  the  eand  of 
the  trough  against  the  mercury,  and  that  the  time  of  mercurial  wave  pro- 
duction and  transit  might  be  obtained  by  providing  another  much  longer 
trough  of  precisely  equal  transverse  section  and  equal  depth  of  mercury,  and 
whose  length  should  be  a  given  multiple,  say  10  times  that  of  the  trough  of 
the  seismoscope.  Then  by  producing  a  longitudinally  traversing  wave  of 
translation  in  this  trough,  by  means  of  a  wood  plunger  at  one  end,  or  of  a 
blow,  and  observing  how  many  times  in  60"  this  wave  traversed  the  length 
of  the  trough,  the  time  of  the  wave  in  the  seismoscope  trough  could  be  got 
by  the  following  formula : — 

Let  the  length  of  the  shorter  canal  or  trough    =  1. 

That  of  the  longer  a  multiple  of  it ...  <. =  it. 

The  v)h6(/e  time  of  transit  of  the  wave  in  the  shorter  trough,  «•  e. 

the  time  both  of  production  and  transit •  • . .    as  T. 

The  true  time  of  transit  only =  U 

The  wheiU  time  of  transit  in  the  longer  trough ; =s  f'. 

Then 

^-T=(»-1X 
and 

.    ^-T 

Therefore,  if  R=the  time  of  producing  the  wave, 

T-^=R. 

On  trial,  however,  it  was  at  once  found  that  the  effect  of  a  blow,  either  on 
any  part  of  the  seismoscope  or  upon  any  support  thereof,  in  whatever  direc- 
tion, was  to  produce  not  a  mere  longitudinal  wave  only,  but  a  combination  of 
waves  emanating  at  the  same  moment  from  all  sides  of  the  trough,  and  again 
receding  towards  them,  and  so  coming  to  rest,  that  in  fact  all  sides  of  the 
trough  vibrated  and  transmitted  the  vibration. 

After  several  other  methods  had  been  attempted,  it  was  found  that  upon 
placing  the  instrument  upon  a  perfectly  firm  and  immoveable  base,  such  as 
the  solid  rock,  and  on  gently  tapping-  the  latter  with  a  rod  of  iron  or  metal 
while  observing  the  cross  wires,  it  was  possible  so  to  time  the  recurrence  of 
the  blows,  that  a  recurrent  disturbance  could  be  kept  up,  so  as  just  to  keep 
the  cross  wires  out  of  view. 

If  the  number  of  blows  in  a  minute  was  reduced  one  or  two  be^  the 
cross  wires  reappeared  at  certain  determinate  intervals;  and  if  the  number 
of  blows  was  increased,  they  remained  invisible,  except  at  certain  intervals 
(or  beats),  until  the  increased  number  became  a  multiple  of  that  number 
which  completely  kept  them  out  of  view. 

'*  ^  ^erefore  obvious,  that  by  ascertaining  this  number  correctly  by 
repeated  observations,  the  number  of  pulses,  divided  into  the  time=s60'',  would 
give  tmct  the  time  of  producing  and  transmitting  the  wave  in  the  mercurial 
trough,  TO.  the  time  of  its  production  and  advance,  and  recession  and  eztinc- 
tion,  and  that  half  this  again  would  be  the  Ume  of  \  transit  sought 

Accordingly  a  great  number  of  such  observations  were  made  with  the  in- 
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strument  resting  on  solid  granite,  the  temperature  of  the  mercury  and  instru- 
meot  being  64^  Fahr^  The  following  gives  some  of  the  results,  being  one 
set  of  observations: — 

No.  of  EzperimentB.  Croes  wires  observed  by 

1. 230     beats  in  60". 

2 230  „ 

3 231-         „ 

4 231- 

5 229-1-         „ 

6 230  „ 

7 230  „ 

8 228-1-         „  bad  observation. 

9. 229-1- 

10 231-         „ 

From  this  it  may  be  concluded  that  230  beats  per  minute  just  keep  the 
cross  wires  out  of  view.  The  time  of  wave  production  and  transit  then  is 
half  this,  or 

^-^^—^I^szO-lS  of  one  second ; 
230x2     460 

but  as  the  image  of  the  cross  wires  is  reflected  from  the  centre  of  the  trough 

or  from  a  point  half  way  of  its  length  or  breadth,  one  half  of  the  foregoing 

is  the  constant  of  correction  due  to  wave-transit  of  the  seismoscope,  or 

i^-5£-.=(H)65"in  time; 
2 

and  as  this  will,  in  every  observation  with  the  seismoscope,  appear  to  delay 
the  arrival  of  the  earth-wave  at  the  instrument,  this  time  converted  into  di- 
stance must  be  added  to  the  rate  of  earth-wave  transit  otherwise  obtained. 

We  now  return  to  the  preliminary  triab  as  to  the  charge  of  powder  re- 
quired for  each  mine  in  the  sand. 

Twelve  of  the  two-pound  tin  plate  cartridges,  before  described,  and  one  of 
Mr.  Bergin*8  large  batteries  of  six  cells  being  prepared,  (of  which,  however, 
only  two  cells  were  found  requisite  to  fire  the  powder,)  on  the  25th  of 
October  1849,  the  seismoscope  was  adjusted  at  the  terminal  north  stake, 
and  a  cartridge  was  buried  4  feet  in  the  sand,  at  the  distance  of  half  a  mile, 
keeping  it  about  60  yards  clear  of  the  half-mile  stake  (to  right  or  left),  and  , 
fired.  The  two  pounds  of  powder  exploded,  but  was  unable  to  l^  out  any 
sand  at  that  depth,  or  to  produce  a  shock  sensible  at  the  distance  of  half  a 
mile*  A  second  cartridge  was  buried  3  feet  and  fired ;  it  blew  out  a  column 
of  sand,  but  no  pulse  was  perceptible  at'the  seismoscope,  nor  was  any  sound 
heard  there  through  the  air.  A  third  cartridge  was  then  buried  3  feet  at  a 
quarter  of  a  mile  distance  from  the  seismoscope,  but  no  pulse  was  perceptible 
on  several  repetitions.  At  one  furlong  therefore  from  the  instrument  another 
was  buried  3  feet  and  fired;  this  was  found  on  repetition  to  be  distinctly 
perceptible  by  the  seismoscope,  causing  the  cross  wires  to  disappear  in  the 
most  distinct  manner. 

A  rough  approximation  was  thus  made  as  to  the  quantity  of  powder  re- 
quired ;  for  as  the  intensity  of  the  pulse  will  vary,  with  the  same  original  im- 
pulse, nearly  as  the  square  of  the  distance  inversely,  so  it  may  be  inferred, 
that  to  produce  equal  pulses  at  variable  distances,  the  original  impulse  must 
vary  in  the  same  ratio ;  and  taking  the  impulse  of  fired  powder  to  be  directly 
as  its  weight,  if  2  lbs.  produced  a  wave  visible  with  the  seismoscope,  at  ^th  of 
a  mile  it  would  require  (8)'  x  2  to  produce  one  equally  visible  at  a  mile,  or 
128  lbs. 
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Hence  the  qaantity  of  powder  was  found  to  be  so  large  that  I  determined 
to  abandon  my  original  intention  of  experimenting  at  a  mile  range*  and  to 
limit  myself  to  half  a  mile,  and  for  this  chose  the  best  half  of  the  range,  viz. 
the  northern  half  mile,  which  was  quite  level  and  free  from  any  error  as  to 
measurement,  being  ail  to  the  north  of  Shanganah  River. 

I  also  concluded  that  less  than  (4)'  X  2  lbs.=52  lbs.  of  powder  would  pro- 
bably do,  as  the  impulse  given  to  the  seismoscope  by  the  2  lbs.  at  a  furlong 
range  was  more  powerful  than  requisite  for  distinct  observations.  Subse- 
quent trial  on  the  29th  of  October,  1849,  proved  this  to  be  correct,  and  that 
25  lbs.  of  powder  gave  an  impulse  distinctly  visible  at  half-mile  range*. 

*  It  is  of  8ome  importaoce  to  refer  to  the  effects  in  concussion  of  the  earth  and  air  that 
have  been  occasionally  observed  to  result  from  the  explosion  of  known  quantities  of  powder 
at  determinate  distances,  because  we  thus  get  some  measure  (though  a  very  inadequate  one) 
of  the  amount  of  explosive  or  elastic  force  that  must  be  concerned  in  the  production  of 
such  concusdve  moveibents  of  the  ground  and  of  such  subterranean  noises,  or  sounds  ood- 
veyed  thence  through  the  air,  as  have  been  actually  noted  by  earthquake  narrators. 

The  slight  shocks  frequently  observed  at  Dublin  by  Professor  Lloyd,  and  only  capable  of 
observation  through  the  refined  instruments  of  the  magnetic  observatory,  as  well  as  those  so 
long  and  so  continuously  experienced  at  places  such  as  Comrie  in  Perthshire,  East  Haddam  in 
Connecticut,  and  Bale  in  Switzerland,  are  probably  not  due  to  true  explosive  efforts  beneath, 
but  rather  to  successive  fracturing  of  beds  of  rock  under  the  slow  and  gradual  process  of 
elevation  or  of  depression,  taking  place  either  immediately  beneath  or  perhaps  at  a  cbnsideraUe 
distance  away ;  but  our  present  experiments  show  how  comparatively  insignificant  an  explo- 
sive origin  may  be  sufficient  to.  transmit  an  instrumentally  appredaUe  shock  to  a  considerable 
distance. 

I  have  referred  in  the  Transactions  of  the  Royal  Irish  Academy,  vol.  xxi.,  to  the  undula- 
tion of  the  ground,  felt  for  several  miles,  when  the  large  powder  magazine  was  blown  up  in 
Sir  John  Moore's  retreat  to  Corunna.  Sir  Christopher  Wren  demolished  the  great  centre 
tower  of  old  St.  Paul's  by  a  small  mine  of  only  18  pounds  weight  of  powder  buried  beneath 
one  of  the  angles.  The  explosion,  he  informs  us,  lifted  bodily  through  some  inches  abofO 
3000  tons  of  masonry,  and  **  the  fisU  of  so  great  a  weight  from  a  height  of  200  feet  gate  s 
concussion  to  the  ground  that  the  inhabitants  round  about  took  for  an  earthquake."— 
ffren*M  ParentaUa^  pp.  283,  285. 

When  the  great  chalk  cliff  at  Seaford  was  thrown  down  by  the  explosion  of  neariy  26,000 
lbs.  of  powder  (Sept.  1850),  it  is  stated,  "  The  rumbling  noise  was  probably  not  heard  half  a 
mile  off.  Those  who  were  in  boats  a  little  way  out  from  the  cliff  state  that  they  felt  a  slight 
shock.  It  was  much  stronger  on  the  top  of  the  cliff;  persons  standing  there  iielt  staggered 
by  the  shaking  of  the  ground,  and  one  of  the  batteries  (galvanic)  was  thrown  down  by  it" 

<'  In  Seaford,  three  quarters  of  a  mile  off,  glasses  upon  the  table  were  shaken,  and  one 
chimney  fell.  At  New  Haven,  a  distance  of  three  miles,  the  shock  was  sensibly  fdt ;  about 
300,000  tons  of  chalk  was  said  to  be  an  approximation  to  the  weight  moved.'' — TmnUj  Sept. 
1850. 

When  the  Ute  fatal  explosion  occurred  at  Hounslow  Powder  Blills,  the  following  dreum- 
staaces  are  narrated. 

"  A  correspondent  at  Brighton  informs  us  that  the  Ute  fatal  explosion  at  Houndow  was 
distinctly  felt  and  heard  at  Sussex,  a  distance  from  Houndow  of  between  50  and  60  nultf* 
At  Petworth,  upvrards  of  40  miles  off,  three  reports  were  distinctly  heard,  and  a  corre- 
sponding number  of  shocks  were  fdt,  so  that  the  inhabitants  ran  out  of  their  houses, 
imagining  that  they  had  fdt  shocks  of  an  earthquake.  Mr.  Hedop,  a  teacher  of  languages, 
whUe  wdking  near  the  manuon  of  Sir  Isaac  Lyon  Goldsmid,  at  Hove,  near  Brighton,  heard 
a  noise  as  of  distant  thunder,  but  as  the  sky  was  clear  he  imagined  that  he  must  have  besrd 
a  roar  of  artilleiy.  It  was  then  25  minutes  to  4  by  his  watch.  Mr.  Smith,  a  gardener  and 
nurseryman,  at  the  north  part  of  Brighton,  dso  distinctly  heard  the  noise.  The  most  con- 
dusive  evidence,  however,  that  the  explodon  was  felt  between  50  and  60  miles  from  the  spot 
is  furnished  by  the  following  paragraph,  copied  ftom  the  Suues  AdverHger  of  Tuesday,  a 
paper  which  was  priuted  and  in  town  before  the  news  of  the  explodon  readied  Lewes:— 
*  Accounts  have  reached  this  ofiice  from  several  persons,  living  in  different  parts  of  Lewes,  who 
depose  to  having  experienced  a  slight  shock,  as  if  of  an  earthquake,  at  about  20  minutes  to 
4  o'clock  on  Monday  afternoon.  There  was  no  train  passing  through  the  tunnd  at  that 
hour.  Moreover,  the  shock  was  fdt  in  parts  of  the  town  not  affected  by  the  passsge  of 
tnuns.  All  the  persons  dluded  to  experienced  the  shock  at  the  same  period  of  timeTnom 
various  other  places  there  are  similar  accounts,  all  agredng  as  to  time,  but  varying  a  little  i" 
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Nine  casks  of  powder  were  fired  in  all ;  and  thb  may  be  as  convenient  a 
place  as  any  other  to  describe  the  arrangements  made  for  their  ignition,  &c. 
Each  cask  held  25  lbs.  weight  of  best  Dartford,  highly-glazed,  coarse-grained 
commercial  blasting  powder,  and  was  prepared  for  firing  in  the  following  way. 
The  head  of  each  cask  was  taken  out  by  knocking  off  the  hoops  at  one  end. 
Two  holes  were  bored  through  the  head  at  4  inches  apart,  each  hole  half  an 
inch  in  diameter.  Priming  cartridges  were  made  as  already  described  for 
the  tin  plate  cartridges,  but  with  longer  wires. 

The  ends  of  the  two  wires  (which  were  brought  parallel  to  each  other  at 
a  distance  of  4  inches)  were  passed  up  throughh  e  holes  in  the  loose  head  of 
the  cask,  until  the  priming  cartridge  was  a  o  *•  ^  l  ^  •  • 
foot  or  so  below  the  head-piece ;  half  the  pow-  ^^"^  ^  ''"^  andprtmmg, 
der  having  been  emptied  out  of  the  cask,  the 
priming  cartridge  was  laid  horizontally  on 
what  remained,  being  then  in  the  very  centre 
of  the  whole  mass  of  powder ;  the  remainder 
of  the  powder  was  now  replaced  in  the  cask, 
pouring  it  over  the  priming  cartridge,  the 
two  wires  being  held  up  vertically ;  the  head 
of  the  cask  was  now  replaced,  coopered  up 
and  hooped,  the  wires  projecting  through  the 
holes  in  the  head;  two  pine-wood  conical 
plugs  were  now  driven  hard  one  into  each 
bole  in  the  head,  beside  the  copper  wire,  so 
as  to  confine  each  in  itd  own  hole  and  keep 
all  strain  off  the  priming  cartridge.  The  wires 
outside  the  cask  were  now  insulated  with 
calico  and  lac  varnish  as  before  and  coiled 
up,  and  the  casks  were  ready  for  firing,  save 
that  before  each  was  buried,  the  hoops  on 
the  Unoer  end  only  were  nicked  nearly  through 
with  a  saw,  and  all  removed  but  two,  so  that 
when  tbe  cask  was  buried  standing  on  end  with  the  firing  wires  uppermost 

descriptioii.  Some  heard  a  noise,  othen  felt  a  shock,  while  still  others  both  beard  and  felt 
the  effects  of  the  explosion." — TVmet. 

Very  much  of  the  effect  in  transferring  the  shock  of  the  explosion  of  powder  to  a  distance 
depends  upon  the  sort  of  fulcmm  upon  which  the  explosion  immediately  acts.  Thus  I  found, 
by  a  rough  experiment  made  in  Kingstown  Harbour,  that  a  single  pound  of  powder,  in  a  flat 
tin  canister  lying  on  the  sand  bottom,  within  about  60  feet  of  one  of  the  granite  piers  and 
under  about  35  feet  in  depth  of  sea-water,  when  exploded,  actually  shook  the  whole  mass  of 
the  pier,  or  at  least  of  the  inner  breast  wall,  on  the  coping  of  which  we  stood,  so  as  to  convey 
the  idea  at  the  moment  that  the  whole  was  founded  on  a  quagmire  or  peat  bog.  This  re- 
markable effect  I  consider  was  due  to  the  complete  resistance  afforded  by  the  solid  mass  of 
water  above  the  focus,  so  that  the  whole  force  of  the  explosion  vras  expended  in  shaking  the 
less  homogeneous  mass  of  the  bottom  on  which  the  pier  is  built. 

As  to  the  distance  to  which  the  sound  of  explosion  has  been  heard  through  the  air,  or 
through  it  and  the  earth  in  combination,  the  greatest  on  record  is  that  of  the  tremendous 
eruption  of  Sumbava  in  April  1815,  when  the  subterraneous  noises  were  heard  at  Sumatra, 
970  geographical  miles  away,  and  at  Temate,  720  geographical  miles  off,  in  the  opposite  di- 
rection nearly  (RafSes's  *  Java') ;  next  to  which  is  that  of  the  reverberations  of  the  volcano  at 
St.  Vincent's,  which  are  said  to  have  been  heard  at  Demerara,  a  distance  of  345  miles. 

The  noise  of  the  cannonade  at  the  battle  of  Jena,  in  1806,  vras  heard  as  a  low  murmur  in 
the  fields  about  Dresden,  92  miles  away.  It  is  ahnost  certain  that  in  this  case  the  sound 
was  transmitted  through  the  earth,  for  it  was  heard  with  perfect  distinctness  in  the  case- 
mates of  the  fortifications,  where  the  vaults  acted  as  acoustic  instruments  to  collect  the 
sound  from  the  earth  and  convey  it  to  the  ear.  It  was  stated  at  the  time,  but  on  what  au- 
thority I  cannot  now  say,  that  the  cannonade  at  the  siege  of  the  Citadel  of  Antwerp,  in  1832, 
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it  should  blow  outwards  the  staves  at  the  bottom,  and  thus  most  effec- 
tually act  upon  the  superincumbent  sand. 

The  following  section  shows  the  dimensions  and  form  (which  was  a  beau- 
tifully perfect  paraboloid)  of  the  holes  blown  out  by  each  explosion  in  the 
sand,  after  being  again  partially  filled  up  by  the  subsequent  falling  shower  of 
sand. 


Disg.8. 


lieapedovcir«. 


Foeui  of  oploiioD. 

Each  cask  was  sunk  as  nearly  as  possible  6  feet  6  inches  below  the  original 
surface,  and  about  1  foot  deep  of  sand  was  heaped  and  rammed  over  the  sur- 
face, making  a  total  depth  over  centre  of  explosion  of  7  feet  6  inches* 

The  next  point  of  arrangement  was  to  devise  instrumental  means  for  de- 
termining with  perfect  precision,  the  minute  intervals  of  time  that  would 
elapse, — i,  between  the  moment  of  ignition  of  the  gunpowder  and  its  com- 
plete explosion,  or  the  time  of  "  hang  fire ; "  2,  the  interval  of  time  between 
the  moment  of  ignition  and  the  arrival  at  the  seismoscope  of  the  wave  of  im- 
pulse produced  by  the  explosion,  the  difierence  in  time  between  these  two 
being  the  gross  time  of  transit  of  the  impulse  through  the  given  distance. 

The  beautiful  instrument  devised  by  Professor  Wheatstone,  and  called  by 
him  the  Chronograph,  with  some  suitable  additions  and  modifications,  supplied 
all  we  required  in  this  respect 

I  had  the  advantage  of  Professor  Wheatstone's  own  suggestions  and  advice, 
and  a  loan  of  one  of  his  own  instruments ;  a  second  I  had  constructed,  by  one 
whose  subsequent  loss  science  still  deplores,  the  late  Mr.  Richard  Sharp, 
chronometer-maker  in  Dublin. 

As  the  construction  of  the  chronograph  has  been  fully  described  by  its 
inventor  in  the  Transactions  of  the  Royal  Society,  it  is  needless  here  to  repeat 
the  details.  It  consists  in  fact  of  a  small  and  finely-made  clock  depriv^  of 
its  pendulum,  but  provided  with  a  suitable  catch  by  which  the  action  of  the 
weight  upon  it  can  be  instantly  arrested,  or  as  immediately  permitted  to  again 
act  in  giving  it  motion.  The  running  down  of  the  weight  causes  the  anchor 
and  pallets  of  the  escapement  rapidly  to  pass  the  teeth  of  the  escapement- 
wheel,  so  that  the  clock  "  runs  down"  by  a  succession  of  minute  descents, 

was  heard  in  the  Saxon  mines,  which  are  370  miles  away ;  here  the  sound  must  also  hxn  tia- 
▼euea  thrmwh  the  earth. 

It  would  be  desirable  that  thoae  who  have  opportunity  would  extend  our  obiervationt  of 

/"•v'2?.^.!?.  ♦    '^ons  between  known  percuasiTe  or  explosive  efforts,  and  the  transfer 

of  their  efforU  to  aaeertained  distances  through  soUd  or  fluid  media,  or  through  air.    See 

Sll*f!r^i*^."  ""1  *^  nibject  In  former  Report  on  Earthquakes,  and  oSmpaie  with 
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each  an  accelerated  one>  and  each  equal  to  the  preceding,  and  hence  the 
run  down  is  practically  an  uniForm  motion  of  the  clock.  It  follows,  that  in 
proportion  as  the  weight  is  added  to,  the  velocity  with  which  the  clock  runs 
down  is  increased,  and  hence  by  such  additions  the  instrument  may  be  made 
a  measurer  of  more  and  more  minute  fractions  of  time. 

Two  diab  and  two  hands  register  the  revolutions,  and  parts  of  revolutions, 
made  by  the  instrument  One  hand  is  fixed  upon  the  axis  of  the  escapement- 
wheel  (a,  figs.  4,  5,  6,  PL  XIII.),  and  its  dial  is  divided  into  SO  smaller  and 
6  larger  divisions.  The  pinion  on  this  axis  has  one-twelflh  the  number  of 
teeth  in  the  wheel  (b)  upon  the  weight  barrel  shaft,  which  carries  the  other 
hand,  and  hence  one  division  of  its  dial  (which  has  twelve  divisions)  corre- 
ponds  to  a  whole  revolution  of  the  former  dial. 

I  devoted  Prof.  Wheatstone's  instrument  to  determining  the  time  of  **  hang 
fire,"  and  distinguished  it  as  the  Firing  Chronograph ;  Sharp's  chronograph  was 
used  for  determining  the  time  of  wave  transit,  and  became  known  as  the  Ob- 
server's Chronograph. 

I  now  proceed  to  describe  the  peculiar  additions  made  to  these  instruments 
for  the  purpose  of  starting  and  stopping  their  motions  at  the  required  instants ; 
and  first  as  to  the  Firing  Chronograph.  In  Pi.  XIII.  fig.  2.  is  shown  a  front 
elevation  of  the  whole  instrument,  a.  The  front  of  the  clock  and  dials. 
b.  The  weight  composed  of  shot  poured  into  a  small  brass  bucket  attached  by 
a  silk  string  to  the  barrel  and  descending  in  the  inside  of  the  small  dock 
case,  the  front  door  of  which  is  removed  in  the  figure,  c  c.  The  base  of  ma- 
hogany upon  which  the  whole  is  secured.  At  the  back  of  the  instrument  is 
a  small  lever,  d^  shown  at  full  size  in  fig.  6,  which  is  fixed  on  the  arbor  e, 
which  carries  also  the  lever  ef. 

The  large  brass  lever  g  (figs.  2  and  6)  is  maintained  always,  except  while 
under  pressure  from  the  hand,  by  means  of  a  stout  spring  A,  in  close  contact 
at  the  end  next  the  clock  with  the  lever  e  <f,  and  while  so  in  contact,  the 
lever  efiu  held  down  upon  the  anchor  k  of  the  escapement,  so  as  to  prevent 
any  motion  in  the  clock  although  wound  up ;  but  as  soon  as  the  lever  g  is 
pressed  down  by  the  application  of  the  hand  on  the  end  m,  the  small  spring 
H  pushes  back  the  lever  ef  from  the  anchor  A,  and  the  clock  begins  to  run 
down.  The  moment  again  that  the  hand  is  removed  from  m,  the  lever  m  g 
flies  up,  pushes  back  e  d^  and  with  it  restores  ef\.o  its  former  position  on 
the  anchor  k^  and  so  instantly  stops  the  clock. 

But  besides  this,  it  was  necessary  that  the  same  motion  of  the  hand  that 
started  the  clock  into  motion,  should  ''make  contact"  with  two  separate  gal- 
vanic batteries,  one  of  which  should  act  upon  the  other  chronograph,  and  the 
second  fire  the  mine. 

The  lever  m  ^  is  of  brass;  it  carries  an  adjustable  copper  wire  o,  dipping 
at  its  lower  extremity  into  a  cup  of  mercury  jp,  into  which  is  also  inserted  the 
long  wire/>*,  which  leads  to  one  pole  of  the  «*  firing  battery";  r«  is  the  wire 
from  the  other  pole  dipping  into  the  mercury  cup  r,  which  is  connected  by  a 
fixed  wire  with  another  fiat  and  shallow  mercury  cup  #  placed  on  the  top  of 
the  wood  pillar  r  «,  and  at  such  a  level,  that  the  hooked  or  turned  down  ex- 
tremity t  of  the  lever  g  m,  hangs  just  clear  by  a  quarter  of  an  inch  above  the 
surface  of  the  mercury  when  the  chronograph  is  at  rest. 

The  extremity  of  the  lever  at  t  is  amtdgamated,  as  are  also  all  other  con- 
nexions. It  is  now  obvious  that  the  instant  the  lever  ^  9it  is  depressed  a 
quarter  of  an  inch,  by  placing  the  hand  upon  it  at  m,  contact  is  completed 
through  r^,  r,  «,  ^,  m,  o,/>  andpS  and  the  mine  or  other  charge  fired. 

But  for  reasons  hereafter  to  be  described,  contact  required  to  be  made  at 
precisely  the  same  instant  with  a  second  galvanic  battery  also;  for  this 
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purpose  a  second  brass  lever  v  w,  moving  on  the  centre  w,  is  provided,  placed 
parallel  to  the  other  lever  m  g,  and  as  close  behind  it  as  possible  without 
touching,  and  on  the  same  level,  both  on  top.  A  mercury  cup  x,  behind  the 
lever  m  g,  is  provided,  to  receive  the  hooked  or  hanging  down  outer  end  of 
the  lever  w  v,  and  the  lever  is  kept  up,  except  at  the  moment  of  and  after  de- 
pression,  by  the  spring  z.  When  therefore  the  lever  to  v  is  pressed  down, 
contact  is  made  lietween  the  poles  of  a  second  battery  through  y^  conducting 
wire,  the  mercury  cup  y,  the  fixed  wire  y  «,  the  lever  itself  dipping  its  amal- 
gamated extremity  v  into  the  cup  x,  while  its  other  end  is  connected  by  the 
mercury  cup  of  brass  and  binding  screw  to,  with  the  conducting  wire  «;'• 

As  it  was  necessary  that  this  contact,  when  made,  should  be  for  some  time 
maintained,  the  latch  a^  catches  the  top  edge  of  the  lever  wv  aa  soon  as  it 
is  depressed,  and  holds  it  down  into  the  mercury  until  relieved,  when  the 
spring  z  throws  and  holds  it  up  again. 

The  backs  or  top  edges  of  both  levers,  m  g  and  w  v,  are  covered  with 
grooved  slips  of  baked  mahogany,  to  prevent  electric  contact  with  the  hand. 

Both  are  pressed  down  with  perfect  ease,  and  in  the  most  absolutely  simul- 
taneous manner,  by  a  sharp  stroke  or  pressure  from  the  flat  palm  of  the  hand 
pronated  over  them,  and  the  instant  the  hand  is  removed,  the  clock  already  set 
in  motion  is  again  stopped. 

I  now  proceed  to  describe  the  construction  of  the  Observer's  Chronograph, 
shown  in  Plate  XIII.  fig.  1.  This  chronograph  required  to  be  released  or 
set  in  motion  by  the  depression  of  the  lever  w  v  just  described,  and  to  he 
stopped  by  the  hand  of  the  observer  at  the  seismoscope  on  the  instant  that 
the  passage  of  the  wave  or  impulse  was  seen  in  that  instrument. 

a  is  the  clock  and  dial  as  before,  b  the  weight  in  its  case.  At  the  back  of 
the  clock  is  a  little  iron  flat  lever  (flg.  5,  c  <f),  on  the  same  arbor  with 
c  e,  which,  as  in  the  other  case,  presses  on  the  anchor/  of  the  escapement, 
and  being  constantly  held  upon  it  by  the  spring  g,  prevents  any  motion 
until  it  is  withdrawn. 

h  (fig.  5  and  fig.  1)  is  a  round  bar  of  iron  4ths  of  an  inch  in  diameter 
and  8  inches  long,  placed  horizontally  and  secured  by  an  iron  arm  to  the . 
dock  case,  so  that  one  of  its  ends  shall  be  within  about  -^th  of  an  inch  of 
the  surface  of  the  little  lever  c  d. 

Round  this  bar  is  coiled  about  500  feet  of  insulated  copper  wire  placed 
between  terminal  discs  of  wood ;  when  a  galvanic  current  is  passed  through 
this  coil,  the  bar  h  becomes  a  temporary  magnet  of  considerable  power,  and 
acting  on  the  lever  c  c?  as  its  armature,  forcibly  pulls  its  moveable  extremity 
d  towards  the  pole  of  the  magnet,  by  which  the  lever  ce  is  withdrawn  from 
the  anchor/  and  the  chronograph  is  set  in  motion. 

The  wires  te^  and  y*  in  fig.  2  are  supposed  in  continuation  with  those 
similarly  lettered  in  ^g,  1 ;  and  thus  when  the  contact  before  described  is 
made  by  pressing  down  the  lever  to  v,  electric  communication  takes  place 
(through  a  mile  or  more  of  wire)  through  «;«,  /,  one  end  of  the  copper  coil ; 
kj  the  other  extremity  of  it ;  and  y>,  the  battery,  being  supposed  somewhere 
between. 

Thu  completes  the  arrangement  for  releasing  or  starting  the  Observer's 
Chronograph.  For  stopping  it,  a  spring  /  is  placed  just  above  the  anchor, 
in  a  convenient  position  to  be  kept  under  the  point  of  the  index  finger  of  the 
observer  while  engaged  in  looking  into  the  seismoscope ;  the  instant  he  sees 
the  disappearance  of  the  cross  wires  therein,  a  slight  pressure  on  the  spring 
brings  it  into  contact  with  the  anchor  and  stops  the  chronograph ;  a  binding 
screw  m  was  provided  above  this,  for  the  purpose  of  fixing  the  instrument 
from  all  chance  of  motion  until  the  dials  were  read  ofl*  and  noted:  this  was 
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found  however  scarcely  needful.  Both  the  chronographs  were  screened 
from  wind  by  being  used  within  the  fir-wood  cases  in  which  they  were 
transported,  the  front  sides  of  the  cases  being  alone  removed,  or  occasionally 
by  a  canvas  screen ;  the  weights  of  course  descended  in  the  dosed  maho- 
ganv  clock  cases  of  the  instruments. 

From  what  has  been  stated  as  to  the  effect  of  changing  the  moving 
weights  of  these  instruments,  it  will  be  obvious  that  with  any  given  weight 
it  becomes  necessary  to  rate  the  instrument,  or  to  ascertain  to  what  interval 
of  actual  time  each  revolution  of  the  dials  corresponds.  This  was  done 
by  winding  up  each  instrument  a  given  number  of  revolutions  of  the  weight 
barrel,  and  having  placed  the  instrument  firmly  before  a  good  seconds'  clock, 
noting  repeatedly  in  how  many  seconds  and  parts  of  seconds  it  ran  down 
the  same  number  of  revolutions ;  the  clock  used  had  a  loud  beat  and  a  gra- 
duated arc  to  the  pendulum,  so  as  to  enable  a  second  to  be  divided  by  the 
e^e  into  four  parts  at  least 

Experimental  rating  of  Wheatstone's  (the  Firing)  Chronograph,  1 9th  of 

October  184«9. 
Chronograph  wound  up  in  every  case  8  revolutions. 

Exp.  1.    8  revolutions  made  in  MiX) 


3. 

8 

n 

J9 

40-05 

3. 

8 

n 

99 

S9-75 

4. 

8 

99 

40-05 

5. 

8 

99 

40-00 

6. 

8 

99 

40K)2 

7. 

8 

99 

89*95 

8. 

8 

99 

40-00 

No.  of  experiment8=8)319'82 

39-98  average 
for  time  of  eight  revolutions  of  large  hand;  .'.  value  of  one  revolution  of 

large  hand  is  = — ^—  =4''*9975,  hence  value  of  one  division  of  Urge  dial 

o 

^-~T^=0'Hl646ss]  revolution  of  small  dial,  and  1  division  of  small  dial 

12 

=o:::«6!6=o"-oi38a 

80 
To  check  this  rating  more  completely,  a  method  different  from  Wheat- 
stone's,  and  I  believe  new,  was  adopted.  A  given  number  of  seconds  or  beats 
of  the  clock  was  arbitrarily  taken,  the  chronograph  released  at  the  first  beat, 
aad  stopped  dead  at  the  last  beat ;  20  beats  were  taken,  and  in  20  seconds  the 
iame  chronograph  ran  down  by  its  own  registry. 

Exp.  1.    in  20"    4  revolutions  —  7^  small  diaL 
2.        „  4  „  ^5  „ 

3»  99  4  „  T"    7  99 

4.        „  4  9,  —  2  „ 

Nos.  1  and  S  rejected  as  bad  experiments,  then  the  average  is  —4  rev. 
— S°-5  small  dial. 

Taking  then  the  value  of  one  division  of  small  dial  from  the  first  or  pre- 
ceding set  of  experiments  =0"-01388,  then  4  rev.  —  S'^-S  X-01388"=4  rev. 
-(y''0486;  therefore  20"-0"-0486=19"-9514=the  true  time  of  4  revolu- 

tioDs  of  large  dial,  or  12j^^=:4"-988  time  of  one  revolutioD  of  large  dial 
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4"*988 
and  =(yHl57=time  of  one  division  of  large  dial  or  of  one  revolution 

of  small,  and  2Jil^=o''-01S86 ;  which  differs  from  the  preceding  rating 
30 

by  first  experiment  only  by  2  in  the  fifth  decimal  place. 

The  same  mode  of  rating  was  applied  to  Sharp's  (the  Observer's)  chrono- 
graph, on  the  2i8t  of  October  184>9>  thus  :— 

Wound  up  5  revolutions  in  every  case. 


p.  1. 

5  revolutions  t 

nadc 

5  in  25-00 

2. 

5 

» 

99 

25-00 

8. 

5 

99 

99 

25-00 

4, 

5 

9> 

99 

24.-96 

5. 

5 

»9 

9» 

24-85 

6. 

5 

99 

99 

25-00 

7. 

5 

99 

99 

25-00 

8. 

5 

99 

99 

25-00 

Rejecting  experiments  4  and  5  therefore  as  probably  inaccurate  from  the  pre- 
cise accordance  of  the  others,  we  may  take  the  time  as  5  rev.=:25"'00,  and 

25"  5" 

-^=5"-00  time  of  one  revolution  of  large  dial  and  Y-=0"'4«166atvalue  of 

n"*4166 
one  division  of  large  dial=l  revolution  of  small,  and  therefore  ^^^-^^r — 

=0"'013887=value  of  one  division  of  small  dial. 

These  determinations  were  made  for  the  experiments  which  were  found 
abortive  on  the  25th  of  October  18499  and  as  it  then  became  necessary  to 
bring  both  chronographs  into  town  and  alter  their  attachments,  it  was  re- 
quisite again  to  rate  them  before  proceeding  with  the  next  trials ;  this  was 
done  as  follows  :^ 

Wheatstone's  Chronograph,  29th  of  October  1849. 

Seven  revolutions  ran  down  in  all  cases. 


Exp.  1. 

7  revolutions  made 

in  S5-50 

2. 

7 

99 

99 

S5-75 

S. 

7 

99 

99 

86-00 

4. 

7 

99 

99 

86-00 

5. 

7 

99 

99 

86-00 

6. 

7 

99 

99 

86-00 

7. 

7 

99 

99 

86-00 

8. 

7 

99 

99 

36-00 

9. 

7 

99 

99 

36-00 

Rejecting  experiments  1  and  2  as  probably  incorrect  observations,  we  have 

36'' 
the  time  of  7  revolutions=36"  or  ^=5"-14286=stime  of  one  revolution 

7 

5^-14286 
of  large  dial,  and  therefore  — -- — =0"*42857=time  of  one  division  of 

0"-42857 
large  dialsone  revolution  of  small  hand,  therefore  — — -iiissO"*pi4206 

=the  time  of  one  division  of  small  dial. 

The  rating  of  Sharp's  chronograph  was  now  performed  by  both  the  old 
and  new  methods,  as  it  was  to  be  used  at  the  observing  end  of  the  line,  and 
the  utmost  accuracy  was  there  desirable. 
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Sharp's  (the  Observer  s)  Chronograph. 
Five  revolutions  made  in  all  cases. 


Exp.  1. 

5  re 

volut 

2. 

5 

» 

S. 

/> 

>» 

4. 

5 

w 

5. 

5 

M 

6. 

5 

» 

7. 

5 

» 

8. 

5 

» 

9. 

5 

»» 

24-70 

24-75 

24-80 
„  25-00 

„  25-00 

„  24-95 

,,  25-00 

25-00 

This  gives  an  average  of  5  revolutions  made  in  25"'025=1  revolution  in 

?5^^^=5"-005 ;  1  division  of  large  dial  therefore  is  =5!!!jl^=(y'.4i7i 

0"'4171 
=  1  revolution  of  small  hand,  and  — --JL-=sO"-0  1891 0=1  division  of  small 

dial. 

By  the  new  mode  of  rating,  taking  an  interval  =60"  or  beats  of  the  clock, 
the  revolutions  made  were  as  follow : — 

Exp.  1  in  60"  made  11  revolutions -h  0*91 7  of  one  revolution  of  large  hand. 

2  „  „      11  „         +0-972 

3  „  „     11  „         +0-980  „  „ 

4  „  „      12         „         +0-042  „  „ 

The  mean  of  which  is  =11  revolutions +0-978  as  that  made  in  60",  which 

60"*  1 1 02 
would  be  12  revolutions  in  60"-l  102,  or  one  revolution  in  — — — =5"-0092, 

Taking  now  the  mean  of  the  first  and  second  (or  new)  determinations,  we 
have  „ 

5-0050 

5-0092 

2J10-0142 

5*0071  =the  time  of  one  revolution  of  the 

lai^e  dial,  and  ^-^^t^=0"-41 748 s time  of  1  division  of  the  large  dials! 

rcTolation  of  the  small,  and  therefore^— ---^-^=0"-01 391 4= time  of  1  di- 

30 

vision  of  the  small  dial. 

To  recapitulate,  therefore  :  the  following  are  the  ratings  of  the  two  chro- 
nographs as  used  in  the  subsequent  experiment  of  the  30th  and  31st  of  Oc- 
tober and  2nd  of  November  1849. 


large  hand  or  dial. 

One  division  of  large 

dial  B  one  revolation 

of  the  small  hand. 

One  division  of 
small  hand. 

Wheat8tone*s 

Sharp's 

5-14286 
5-0071 

0-42857 
0-41743 

(H)14206 
0O13914 

1851- 
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Half  a  division  of  the  small  dial  can  be  distinctly  read  ;  hence  we  could 

O^'OISQI^ 
observe  an  interval  as  small  as »0"*006956,  or  less  than,  ti^tv^^^ 

of  one  second. 

The  general  arrangement  at  first  contemplated  was  as  follows : — 


^ 


^    c«  Diag,9. 

s 

The  range  of  half  a  mile  extending  from  A  to  B,  the  powder  was  buried 
at  P,  one  extreme ;  at  the  other  was  placed  the  seismoscope  S  and  a  chrono- 
graph C*,  so  arranged,  (see  detail  plate  of  apparatus)  that  on  mj  releasing 
it,  contact  was  made  right  through  the  whole  line  of  both  wires  x^  and  v 
through  the  firing  batteries  at  B,  and  through  a  magnetic  coil  attached  to  the 
second  chronograph  at  C  (Sharp's),  and  so  arranged  that  it  released  this 
chronograph  at  the  moment  contact  was  made  by  me :  the  wires,  each  of  S 
twisted  galvanized  iron  wires  severally  of  No.  13  wire-gauge,  were  soldered 
together,  and  at  first  lying  upon  the  sand,  but  afterwards  insulated  on  wood- 
stakes.  According  to  this  arrangement,  when  contact  was  made  at  CS  both 
chronographs  were  released  at  once.  The  moment  the  explosion  took  placet 
an  assistant  (William  Mallet)  stopped  the  chronograph  C,  placed  within  150 
yards  or  so  of  the  charge ;  and  as  soon  as  the  wave  reached  me  and  was 
seen  in  the  seismoscope  S,  1  stopped  the  second  chronograph  C* ;  the  first 
chronograph  C^  showed  the  time  of  hang-fire,  and  the  difference  of  these 
ehronographs  the  gross  time  of  wave  transit 

On  the  25th  of  October  1849  this  scheme  was  tried,  the  battery  power  being 
12  cells  of  Bergin's  batteir,  the  surface  in  action  of  each  plate  being  already 
given.  The oastiron  in  NO|+SOa+HO,  opposed  to  two  zincs  in  SO|-f-H0; 
but  it  was  found  quite  impossible  either  to  release  the  chronograph  C,  or  to 
fire  the  powder  at  this  range.  It  could  not  be  done  even  when  both  wires 
were  completely  insulated  on  wood  stakes  4  or  5  feet  high,  driven  into  the 
sand ;  the  battery  wanted  intensity. 

On  consideration,  it  was  determined  wholly  to  alter  this  arrangement  sod 
to  fire  from  within  a  very  short  distance  of  the  charge,  and  having  two 
batteries  at  this  point,  one  (Bergin*s)  to  fire  the  powder,  and  another  (one  of 
Smee's  with  a  large  series  of  plates)  to  release  by  a  magnetic  coil  the  chro- 
nograph at  the  seismoscope  end  at  the  moment  that  contact  was  made  simttl- 
taneously  through  both  batteries  and  the  whole  range  of  insulated  wire,  the 
apparatus  being  such  as  to  release  the  chronograph  at  the  batteries  to  show 
the  hang  fire  also. 

Bergin*8  battery,  as  before,  was  used  with  12  cells  in  action,  the  acids  ^ 
being  for  the  cast  iron  porous  cells  equal  volumes  of  oommerciaf  nitrous  acid 
and  of  commercial  sulphuric  acid  and  of  water ;  and  for  the  cells  containiog 
the  zinc,  one  volume  of  sulphuric  acid  of  commerce  and  eight  volumes  of 
water.  Smee's  battery  consisted  of  7  troughs  in  action,  of  silver  and  double 
zincs,  6  series  in  each,  each  plate  having  an  acting  surface  (one  side)  oHi 
inches  wide  x  S^  inches  deep,  or  in  all  a  series  of  42  pair  of  plates  aotiag  io 
SOj-fHO,  diluted  in  the  ratio  of  1  volume  of  acid  to  20  volumes  of  water. 

On  preliminary  trials  with  priming  cartridges  only,  this  entire  arraogeineDt 
was  found  to  act  perfectly  in  all  respects,  firing  the  powder  and  releasing  the 
chronographs  with  ease  and  certainty. 

The  following  code  of  signals  was  fixed  upon,  as  the  length  of  the  raogP 
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precluded  communieation  by  the  voice*  Three  bannerols,  bine,  red  and 
white,  being  provided  for  each  end,  a  signal  man  (Sergeant  Maberly,  R.A. 
at  the  firing  end,  and  a  Gunner  at  the  observing  end),  each  with  a  look-out 
man  provided  with  a  telescope,  was  stationed  at  either  extreme.  All  signals 
made  were  repeated  in  the  same  form  to  show  that  they  had  been  observed 
and  understood. 

Signal  Code. 

White  flag Charge  the  mine. 

White  and  red Make  connections. 

Red    Prepare  to  fire. 

Red  dropped Fire. 

White  and  blue Priming  or  charge  has  fired. 

Blue  and  red Stop. 

Blue  and  red  dropped Proceed. 

Blue    Send  and  receive  message. 

A  man  was  stationed  at  half-distance  to  go  to  either  end  on  being  signalled. 
These  signals  were  found  sufficient,  and  after  a  little  practice  to  work  well ; 
but  on  the  latter  days  of  experiment  I  found  it  convenient  to  have  a  led  saddle- 
horse  at  hand  to  ride,  if  requisite,  rapidly  from  end  to  end,  to  avoid  the 
fatigue  of  Walking  through  the  deep  loose  sand.  These  preliminaries,  inclu- 
ding the  operations  of  measuring  the  base  line,  were  attended  with  so  much 
labour  and  difficulty,  everything  having  to  be  done  on  an  exposed  beach  of 
deep  sand  peculiarly  oppressive  for  walking  on,  and  liable  to  frequent  interrup- 
tion from  Droken  weather,  that  although  commenced  in  July,  the  latter  part 
of  October  had  arrived  before  they  were  complete;  fortunately,  this  month 
is  ordinarily  a  peculiarly  fine  and  steady  one  in  Ireland,  and  that  of  1849 
was  more  than  usually  serene  and  calm  ;  so  that  our  experiments,  when  at 
length  fairly  commenced,  promised  well  for  success. 

Everything  being  complete  and  the  insulating  stakes  for  the  mile  of  con- 
ducting wires  driven  on  the  night  of  the  29th  of  October  1849,  the  following 
results  were  obtained  on  the  SOth  and  31st  of  October  and  on  the  2nd  of 
November  1849. 

Table  No.  1. 


Date  and  number  of  experiment,  and 
time  of  day  when  made. 


Gross  time  shown  hy 
Chronograph  at  ob- 
serving end  s  gross 
transit  time. 
Sharp's. 


Time  shown  by  the 
Chronograph  at 

firing  end  » time  of 

hang  fire. 

Whbatstons's. 


No. 

1 .  2  to  4  o'clock,  Oct.  30, 1 849. 

2.        

S-     3  to  5  o'clock,  Oct.  31, 1849. 

4.        

5.  1 3  to  2  o'clock,  Nov.  2, 1849 

6 

7 

8 


8  large +26  small 

8  >>  +  2  fp 

9  „  H-  0  „ 

8  „  +13-5  „ 

9  „  +  9-5  „ 
9  „  +10-5  „ 
9  „  +15-5  „ 
8  „  +28-3  „ 


0  large +22*0  small 

0  „  +22-5  „ 

0  „  +24-0  „ 

0  „  +21-5  „ 

0  „  +24-0  „ 

0  „  +22-5  „ 

0  „  +21-5  „ 

0  „  +22-0  „ 


On  the  SOth  of  October,  the  time  of  high  water  in  Dublin  Bay  was  9^^ 
49^  A.M.,  hence  the  experiments  Nos.  1  and  2  were  made  nearly  at  low 
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water,  as  was  also  the  case  with  experiments  Nos.  S  and  4,  made  on  the  Slit 
of  October,  when  the  hour  of  high  water  was  lO'^  30™  a.m. 

The  sand  in  both  these  cases  was  thoroughly  wei  along  the  base  line*  bat 
its  interstices  were  not  JUled  with  sea^water  higher  than  within  perhaps  8  feet 
of  the  surface. 

The  experiments  Nos.  5, 6, 7  and  8,  the  2nd  of  November,  when  the  time 
of  flood  tidewas  1 1^  57™  a.m.,  were,  on  the  contrary,made  nearly  at  high  water, 
and  in  these  cases  the  sand  was  saturated  to  within  2  or  3  feet  of  the  surface. 

Of  the  above  eight  experiments  the  only  two  upon  which  the  least  suspi- 
cion of  inaccuracy  can  rest,  are  those  of  No*  3  and  No.  5,  in  which  I  am  rather 
doubtful  of  having  stopped  my  chronograph  with  abtohudy  the  same  promp- 
titude as  in  all  the  rest. 

The  error  in  excess  of  time,  if  any,  however,  could  not  amount  to  3  diviflioos 
of  the  small  dial=S  x(y'-013914<  in  time,  an  amount  so  small  and  so  mach 
within  the  probable  errors  of  observation,  that  I  retain  all  the  experiments 
as  good  results. 

Deducting  column  the  third  in  the  above  table  from  column  the  second, we 
get  the  following  table  No.  2,  each  column  being  previously  brought  separately 
into  time,  recollecting  that  the  value  of  one  division  is  different  in  each  chro- 
nograph. 

Table  No.  2.  « 

Showing  the  results  of  the  experiments  reduced  to  time,  &c. 


1. 

2. 

3. 

4. 

5. 

Time  noted 

Time  noted  at 

Difference  of  eo* 

at  observing  end 

firing  end  (hang  fire) 

lomnB  3  and4,  be- 

Date. 

No. 

by 

by 

ing  the  whole  time 

Sharp's 

Whbatstomb's 

ofwftvetruint 

' 

chronograph. 

chronograph. 

withoat  correctioiii. 

1. 

3-701204. 

0-312572 

3-388632 

2. 

3-367268 

.     0-319673 

3-047595 

3. 

3-756870 

0-340984 

3-415886 

4. 

3-527289 

0-305427 

3-221862 

5. 

3-889053 

0-340984 

3-548069 

6. 

3-902967 

0-319673 

3-583324 

7. 

3-972537 

0-305427 

3-667110 

8. 

3-733206 

0-312572 

3-420634 

Sums , 

29-850424 

2-557312 

27-293112 

And  dividing  each 

by  8,  the  number  of  the  experimen 

ts,  the  averages 

will  be  thus:— 

Averages. . . . 

3-731303 

0-319664 

3-411639 

nd  subtracting  now  t 

he  average  of  column  4  from  that  o 

f  column  3»  we  get 

r  the  whole  time  of  y 

vave  transit — 

3-731303 

0-81966 

4 

half  a  mile  without  correction. 


2-91 1639= whole  time  of  wave  transit  for 
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The  whole  distance  is  half  a  niile=2640  feet;  hence  the  gross  ratio  of 
tnoait  per  secondls — 

2^-911639  :  2640  : :  l"-000000  i  x  ?^^^^=9O6'105  feet  per  second. 

2-911639  ^ 

This  has  to  be  corrected  for — 
1st  Time  of  transit  of  the  electric  force  along  the  wires  of  releasing  and 

of  firing. 
Sod.  Time  of  half-transit  of  the  mercurial  wave  in  the  trough  of  the 
seismoscope,  «.  e.  half  the  whole  time  of  raising  and  transmitting 
this  wave. 
3rd.  The  personal  equations  of  both  observers. 

And  possibly  a  correction  may  arise  from  the  time  actually  consumed  in 
Ae  progress  of  the  explosion  of  each  mine ;  for  although  an  explosion  conveys 
popularly  the  notion  of  insianUifieous  or  momentary  action  only,  yet,  as  we 
shall  see,  a  very  appreciable  time  is  required  to  explode  (t.  e,  consume)  a 
hnra  mass  of  powder. 

The  following  experiments  were  undertaken  to  provide  for  this  contin- 
gency ;  and  having  stated  their  results,  I  shall  reserve  the  application  of  any 
eonections  until  after  the  description  of  our  further  experiments  made  in  the 
granite. 

Table  No.  3. 

Showing  the  whole  time  of  "  hang  fire,'*  from  the  moment  of  contact  to  that 
of  explosions  in  primings  and  service  charges. — Note.  The  results  are  all 
ui  the  smallest  divisions  of  the  small  dial,  each  =0'''014206. 


Date  and  No. 

of 
Experimeot. 

Whole  time  of  bang 

fire  service  charees. 

WhbatstonbTs 

chronograph. 

Whole  time  of  hang 
fire  primings  only. 

WmtATSTONS's 

chronograph. 

Difference  e  time 

of  burning  25  lbs. 

of  powder 

as  exploded. 

1849. 

Oct  80.          1. 
2. 
31.         3. 
4. 
Nov.  2.         5. 
6. 
7. 
8. 

0-       22'k) 
0-       22-5 
0-       24-0 
0-       21-5 
0-       24*0 
0-       22-5 
0-       21-5 
0-      220 

0-       18-5 
0-       200 
0-       18-5 
0-       21-0 
0-      .17-5 
0-       190 
0-       180 
0-    none. 

0-         3-5 
0-         2-5 
0-         5-5 
0-         0-5 
0-         6-5 
0-         3-5 
0-        3-5 
«           » 

And  reducing  these  into  time  as  before,  we  have — 

Experiment    1. 
2. 
3. 
4. 

5. 
6. 

7. 
8. 

0-312572 
0-319673 
0-340984 
0-305427 
0-340984 
0-819673 
0'305427 
0-312572 

0-262811 
0-284120 
0-262811 
0-298326 
0-248605 
0-269914 
0-255708 
none  fired. 

0-049721 
0-035515 
0-078133 
0-007103 
0-092389 
0-049721 
^     0-049721 
none. 

1    Sums 

2-555412 

1-882395 

0-362253 
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I  now  proceed  to  record  the  results  of  the  experiments  made  as  to  this 
time  of  hang  firey  viz.  the  whole  time  from  the  moment  of  making  coataot 
with  the  firing  battery  to  that  of  the  explosion,  as  seen  by  the  person  firing; 
experiments  being  made  both  by  firing  primings  only,  as  figured  and  de- 
scribed at  page  277|  and  by  primings  and  service  charges  of  25  lbs.  of  powder 
together. 

The  preceding  table  gives  the  results  obtained  by  firing  on  each  occasion 
of  experiment  a  certain  number  of  priming  cartridges  only,  just  afUr  the 
service  charges  or  mines,  and  hence  with  the  batteries  in  as  nearly  as  pos- 
sible the  same  condition,  and  noting  the  time  of  burning  of  these  by  means 
of  the  chronograph. 

Dividing  each  sum  by  the  number  of  experiments,  we  get  the  following 
averages : — 

A.    ?-.^^^ii?=0"-3194f27=average  time  of  hang  fire  service  charges. 

o 

a    ^  ^^'882895  --;(yf.2589i4.agaverage  time  of  hang  fire  primings  only. 

C.    2!!:?!???^=(y'-05l751=average  differences. 

And  deducting  B  from  A,  we  find  the  average  time  for  the  explosion  of  S5  lbi> 
of  powder,  as  fired  under  our  conditions,  was — 

0"'3194.27 
tf^'268914' 

(y'*050513=s:time  of  explosion, 

which  is  a  little  more  than  -j^dths,  or  about  ^^^th  of  a  second. 

I  shall  reserve  such  considerations  as  these  experiments  suggest  until  a 
subsequent  period,  when  about  to  apply  the  several  corrections  to  both 
classes  of  our  experiments,  and  now  proceed  to  describe  the  operations  of 
the  second  series  of 

Experiments  made  in  the  Granite. 

The  experiments  in  the  sand  at  Killiney  being  completed,  a  position  wis 
looked  for  to  conduct  those  proposed  to  be  made  in  the  granite  rock.  AfUr 
examining  various  possible  ranges  about  Killiney  Hills,  &c,  the  Island  of 
Dalkey  was  chosen  as  upon  the  whole  the  best  locality  presented. 

This  island  is  altogether  of  massive  granite,  very  uniform  in  texture.  The 
granite  of  which  Killiney  Hills  and  a  large  tract  to  the  north-west,  together 
with  Dalkey  Island,  and  seaward  to  the  Mugglins  Rocks,  consist,  is  in  msss 
of  various  tints  of  yellowish-white  passing  into  grey.  It  is  not  quite  so  haid 
as  Peterhead  granite,  sometimes  found  porphyritic,  with  large  crystals  of 
felspar,  but  more  usually  in  a  pretty  equally  diffused  mass  of  rather  fine  grain, 
consisting  of  crystals  of  quartz,  felspar  and  mica,  often  to  a  considerable  ex- 
tent replaced  by  schorl ;  solid  masses  present  in  working  little  ''  grain**  or 
tendency  to  split  more  easily  in  one  direction  than  another.  It  parts  from 
the  quarry  usually  in  masses  of  au  irregular  trapezoidal  form,  averaging 
from  4  to  7  feet  across ;  but  solid  blocks  are  easily  got  of  eight  times  this 
mass.  It  is  much  intersected  with  quartz  veins  of  various  successive  epochs, 
usually  thin  and  perfectly  adherent  to  their  walls.  The  commoner  imbedded 
minerals  are — black  schorl,  garnet,  killinite,  spodumene,  and  more  rarely 
apatite,  beryl  and  fiuorspar ;  some  few  others  are  much  rarer.     Three  spe- 
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eimenft  of  this  gitmifte  of  different  siie  of  grain  had  the  following  tpecifio 
gravities :-« 

•p.gr. 

No*  !•  Coane  grain « • 2*592 

No.  2.  Medium  grain •  •   2*656 

No*  8.  Fine  grained 2*676 

Mean  specific  gravitj=2'645l. 

In  its  greatest  length  from  north  to  south,  the  island  admits  of  a  tolerably 
level  range  of  above  1600  feet  The  general  run  of  the  beds,  or  rather  fis- 
sures of  the  granite  (or  master  joints),  is  about  N.W.  and'  S.E.,  while  the  best 
position  presented  for  the  experimental  range  is  about  N.N.W.  and  S.S.E. ; 
thus  giring  as  much  solidity  and  freedom  from  the  effects  of  discontinuity  as 
the  case  admitted  of  (see  map,  PI.  XIV.,  and  section,  Plate  XV.). 

The  island  is  owned  by  Government,  and  under  the  control  of  the  Board 
of  Ordnance,  the  grazing  of  the  surface  being  rented  from  that  Board. 

By  application  through  the  favour  of  General  Sir  John  F.  Burgoyne> 
K«C.B.»  I  obtained  permission  to  make  my  experiments,  subject  to  the  ap« 
proval  of  the  local  engineer  officers  at  Dublin.  The  renter  of  the  grazingi 
a  farmer,  was  next  to  be  dealt  with,  and  his  permission  was  only  had  by 
paying  him  a  sum  of  money  and  undertaking  to  make  good  all  surface 
damage. 

I  then  applied  to  the  Board  of  Ordnance  to  permit  me  to  purchase  a  sufii* 
oient  quantity  of  the  best  government  cannon  gunpowder,  finding  it  stated  by 
Sir  John  Burgoyne,  in  his  *  Treatise  on  Blasting,'  that  government  powder 
is  stronger  and  better  than  the  best  merchant  powder,  in  the  ratio  of  about 
18:9. 

Through  the  kind  assbtance  of  Sir  John  Burgoyne  this  permission  was 
given,  and  the  powder  obtained  from  the  Ordnance  magazine,  Phcenix  Park. 

I  then  roughlv  measured  bv  the  chain  the  best  range  I  could  lay  out  upon 
the  island.  I  found  I  could  get  one  excellent  range  of  1166  feet,  or  the 
choice  of  another  and  shorter  one  of  900  feet.  In  the  former  one,  the  end  was 
not  visible  from  the  other  extreme;  but  a  ruined  old  church  on  the  island , 
within  about  400  feet  of  the  firing  end  and  visible  from  both  extremitieSf 
gave  the  means  of  elevating  the  batteries  for  firing,  &c.,  and  the  signal  man, 
so  as  to  answer  as  well  as  if  the  whole  range  were  in  view  together. 

Arrangements  were  now  made  for  getting  the  holes  jumped  in  the  granite 
rock  wherein  to  place  the  charges ;  and  in  order  to  form  some  notion  of  the 
quantity  of  powder  that  would  be  necessary  to  fire  in  each,  a  few  preliminary 
experiments  were  made  with  blasts  fired  in  the  ordinary  way  in  the  granite 
of  Glasthule  Quarry,  at  Sandycove,  near  Kingstown  Harbour,  wrought  by 
the  Commissioners  of  Public  Works,  with  a  view  to  determine  the  effects  upon 
the  SeismoBCope  of  various  moderate  charges.  Three  blasts  were  fired  of 
the  following  depths  of  hole  and  charges.  The  two  smaller  boles  were  2 
inehes  diameter,  the  largest  2^  inches  diameter : — 

6  feet  depth  of  hole   6  lbs.  powder, 

8  feet  depth  of  hole   7  lbs.  powder, 

10  feet  depth  of  hole   8  lbs.  powder, 

tamped  with  clay  in  the  ordinary  way  and  fired  with  Bickford*s  patent  fuse. 

The  Seismoscope  was  placed  upon  the  solid  granite  rock,  about  15  feet 
above  the  level  of  the  holes,  and  at  an  average  distance  from  them  of  ]  50 
measured  yards.    On  the  3rd  of  August,  1850,  they  were  fired. 

The  wave  of  impulse  through  the  granite  produced  in  each  of  the  explo- 
aions  was  distinetly  visible  in  the  seismoscope,  but  those  of  the  two  latter 
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cbarges  more  so  than  the  firot  The  interval  in  time  between  the  explo- 
sion and  the  disappearance  of  the  cross  wires  of  the  Seismoscope  was  quite 
perceptible,  notwithstanding  the  very  short  range,  and  gave  the  first  indica- 
tion of  what  experiment  allterwards  revealed  as  to  the  comparatively  slow 
rate  in  which  the  pulse-wave  moves  even  in  granite  rock. 

These  experiments  led  me  to  conclude  that  a  single  pound  of  powder 
would  have  given  more  than  sufficient  shock  to  have  been  perceptible  in  the 
Seismoscope  at  SOO  feet  range ;  and  as  the  charge  for  equal  pulses  may  be 
assumed  (as  before  at  Killiney)  to  vary  as  the  square  of  the  distance,  then— 

lib.     :     SOOft.     :     I     X     :     1500ft., 

or  the  charges  should  be  as  5«  :  1«=25  :  1,  or  for  1500  feet  range,  25  lbs. 
of  same  sort  of  powder,  as  used  at  Glasthule,  viz.  from  BallincoUig  Mills. 
This  however  might  be  reduced  at  Dalkey  for  the  government  powder,  in 
the  ratio  of  9  :  13,  f.  e,  in  the  inverse  ratio  of  their  explosive  powers,  or  the 
sufficient  charge  would  be  17*3  lbs. 

It  was  therefore  determined  to  form  the  jumper-holes  of  a  depth  and  size 
suitable  to  receive  a  charge  of  20  lbs.  of  powder,  and  12  feet  in  depth  wsi 
fixed  upon  for  each,  with  a  diameter  of  cylinder  of  3^  inches  nearly,  being 
that  made  by  a  jumper  of  3-inch  gauge  or  width  of  edge. 

The  next  operation  was  to  mark  out  the  positions  most  suitable  for  the 
several  holes  to  be  jumped.  This  was  done,  and  contracts  made  through 
Mr.  Foot,  foreman  of  works  at  Kingstown  Harbour;  boring  tools  being  lent 
by  the  contractor  for  the  harbour,  Mr.  M.  B.  Muliins,  C.E.,  to  whom  I  am 
indebted  for  this  assistance. 

On  the  30th  of  September,  1850,  the  jumper-holes  were  finished;  they 
were  all  nearly  vertical,  not  many  feet  different  in  level  from  each  other,  aod 
situated  as  in  the  map  of  the  northern  end  of  the  island  (Plate  XIV.)  and 
in  section  of  range  (Plate  XV.). 

The  datum  stone  A  remained  a  fixed  point  of  solid  rock  to  measure  fram, 
and  an  ordinate,  A  by  having  been  stretched  out  by  a  cord  in  the  line  of  range, 
the  position  of  each  hole  was  found  and  referred  to  it  by  measured  abscisaee ; 
80  that  when,  after  the  explosions,  the  whole  surface  of  the  rock  constituting 
that  part  of  the  island  should  have  been  shattered  and  destroyed,  the  distances 
and  positions  at  which  the  holes  had  been,  should  still  be  known. 

From  the  1st  to  the  25th  of  September  was  occupied  in  landing  instni- 
ments  and  stores  of  various  sorts  upon  the  island,  in  which  some  difficoltj 
was  found,  owing  to  the  period  of  the  year,  the  stormy  state  of  the  weather, 
and  the  powerful  run  of  tide  and  heavy  sea  that  sets  through  Dalkey  Sound. 

The  arrangements  for  firing  and  for  noting  the  times  were  precisely  simi- 
lar to  those  used  at  Killiney  Strand.  Two  distinct  batteries,  one  of  Bergin'i 
of  12  pair  of  plates,  being  used  for  firing,  and  5  troughs,  or  SO  pair  of  platei 
of  Smee's  battery,  for  releasing  the  chronograph  at  the  observer's  end.  The 
batteries  were  placed  at  the  ruined  church  {see  Map)  upon  a  scaffold  covered 
by  a  temporary  splinter  proof,  and  placed  nearly  at  the  top  of  the  old  church 
upon  its  walls,  thus : — 

PotttaonofholM.  400  fieei.         Oldeharch.  766  feet  PbintofobMrTiliM' 


Diag.  10. 

The  distance  from  the  congeries  of  jumper-holes  to  the  church  was  about 
400  feet  On  the  2nd  of  October,  1850,  a  preliminary  experiment  was  made 
as  to  the  firing  power  upon  priming  cartridges,  when  it  was  found  that  the 
intensity  of  12  pairs  of  Bergin's  battery  (reduced  by  the  low  tempenton  of 
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thtt  advanced  season)  was  too  feeble  to  fire  at  this  distance,  and  accordingly 
12  more  pairs  of  plates  were  added,  and  the  whole  of  the  apparatus  removed 
from  the  church  to  a  point  a  little  to  the  westward  and  within  about  *250  feet 
of  the  most  remote  hole  (A  in  map,  Plate  XIV«),  where  it  was  found  that 
signals  could  be  seen  and  repeated  from  the  remoter  end  of  the  range  bv 
tddng  advantage  of  some  elevated  points  of  rock.  The  whole  of  the  scaf- 
folding, which  had  cost  so  much  labour  and  trouble,  thus  became  useless, 
and  a  new  splinter  proof  had  to  be  constructed  from  its  materials. 

On  the  Srd  of  October,  these  new  arrangements  having  been  completed,  a 
second  preliminary  experiment  was  made,  when  it  was  found  that  the  priming 
cartridges  could  be  instantly  and  certainly  fired  with  the  increased  power  of 
Bergin  s  battery,  and  that  the  Smee's  battery  also  released  the  chronograph 
at  the  remote  end  wall ;  in  a  word,  that  all  was  perfect. 

The  positions  of  the  instruments  were  now  precisely  as  already  described 
at  Killiney  Bay,  except  that  all  the  firing  batteries  and  apparatus  were  placed 
upon  a  convenient  table  or  platform  about  2^  feet  from  the  ground,  formed 
out  of  the  abandoned  scaffolding  of  the  church. 

Both  the  conducting  wires  were  supported  on  dry  wood  stakes,  from  which 
they  hung  by  loops  of  gutta  percha  through  the  entire  distance.  The  position 
for  the  chronograph  at  the  observer's  or  seismoscope  end  having  been  fixed 
upon,  a  flat  table  was  cut  down  upon  the  face  of  the  solid  rock  at  nearly  the 
most  elevated  spot  upon  the  island  to  form  an  efficient  bed  for  the  Seismo* 
•cope,  the  bottom  plate  of  which  was  so  let  into  the  rock  as  to  be  firmly 
grasped  by  it,  as  seen  in  PI.  XV.,  lower  figure. 

Four  holes,  1^  in.  diam.  and  6  in.  deep,  were  jumped  in  the  rock  round  the 
Seismoscope,  and  a  canvas  screen,  stretched  on  upright  inch-round  iron 
rods  socketed  into  the  holes,  was  erected  to  keep  off  all  wind  from  the  Seismo- 
scope ;  which  was  found  of  great  service. 

The  priming  cartridges  for  firing  the  blasts  had  been  prepared  in  a  pecu- 
liar manner,  inserted  in  sticks  of  dry  pine  of  8  feet  in  length,  in  a  groove 
down  one  side  of  which  the  e-\-  wire  passed,  and  up  a  similar  groove  at  the 
other  the  e--  wire  passed,  both  imbedded  in  a  cement  composed  of  pitch 
and  wax.  The  priming  powder  was  fine  rifle-glazed  gunpowder,  the 
copper  wires  -j^th  of  an  inch  diameter  (16  wire-gauge).  The  platina  wire 
was  such  that  2  inches  weighed  1  *62  grain ;  it  was  wrapped  round  with  gun- 
cotton,  the  powder  poured  round  it ;  one  side  of  the  recess  or  mortice,  which 
was  cut  quite  through  the  wood,  being  closed  by  brown  paper  pasted  on,  and 
the  whole  then  closed  by  brown  paper  pasted  over,  and  also  over  the  whole 
stick,  which  was  then  roughly  varnished  over  with  pitch  and  wax,  laid  on 
hot  so  as  to  exclude  moisture  (see  PI.  XVI.).  One  side  of  each  stick  was 
rounded  to  fit  the  curved  side  of  the  cylindrical  jumper-hole,  so  as  to  admit 
of  the  tamping  being  driven  well  home ;  and  the  enlarged  lower  extremity  was 
cut  wedge-shaped,  so  as  to  bind  in  Uie  tamping  when  the  blast  should  be 
fired. 

The  priming  was  so  placed  in  each  hole  as  to  be  a  little  below  the  centre 
of  the  depth  of  the  powder,  which  occupied  about  6  feet  in  depth  of  each 
hole,  leaving  about  6  feet  for  tamping.  The  tamping  was  dry  yellow  loamy 
day,  the  same  as  used  at  the  Killiney  quarries  in  the  operations  for  getting 
granite  stone  for  Kingstown  Harbour.  The  tamping  was  driven  home  after  the 
nrst  few  inches  of  clay  over  the  powder  with  a  round  iron  bar  of  about  ^ths  of 
an  inch  diameter,  which  was  found  to  work  most  effectively,  and  the  priming 
sticks  were  not  found  to  offer  any  obstruction  to  the  perfect  tamping  of  each 
hole.  The  priming  sticks  themselves  gave  a  most  complete  resistance  to  the 
espbiioiis  for  their  own  section  of  each  hole,  as  their  subsequent  condition 
proved,  each  stick,  with  but  one  exceptioui  being  pounded  on  end  into  chMTf 
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in  which  the  priming-stick  was  launched  to  a  surprising  height  in  the  air. 
The  final  junctions  between  the  batteries  and  the  priming  cartridge  wires 
were  made  bj  brass  binding  screws,  leaving  but  one  point  of  broken  oontaet 
to  be  nuide  good,  namely  that  at  the  firing  chronograph. 

Previous  to  the  two  chronographs  being  brought  out  and  landed  on  Dalkey 
Island,  thej  were  both  timed  by  the  seconds'  clock  in  Dublin  as  before. 
The  following  is  a  record  of  these  timings. 

The  chronograph  was  wound  and  let  run  down  a  known  number  of  com- 
plete revolutions  in  each  experiment,  and  the  seconds  and  fractions  in  the 
time  taken  to  do  so  noted  by  reckoning  the  beats  of  the  seconds'  clock  and 
observing  the  place  of  the  pendulum  over  the  graduated  arc  at  the  momeDt 
of  completing  the  revolutions. 

Eight  experiments  were  made  in  each  case,  in  four  of  which  the  writer 
started  and  stopped  the  chronograph  and  William  Mallet  observed  the  clock, 
and  in  the  other  four  he  started  and  stopped  and  the  writer  observed  the  clock* 
Then,  averaging  the  whole,  the  personal  error  was  got  rid  of  in  each  case. 

The  personal  equations  for  both  observera  were  tdso  arrived  at  from  these 
experiments,  but  require  repetition  before  a  result  applicable  to  the  main 
purpose  of  these  experiments  themselves  can  be  had. 

The  following  table  gives  the  results  of  the  experiments  for  timing  of 
Wheatstone's  chronograph,  which  was  that  used  at  the  firing  end  of  the  range, 
and  Sharp's  chronograph  at  the  transit  or  observing  end. 

Wheatstone's  Chronograph.    20th  Sept.  1850. 
Eight  revolutions  made  in  all  cases. 
// 
8  revolutions  made  in  S8'0    ]        Clock 


Exp.  1. 

8 

2. 

8 

3. 

8 

4. 

8 

5. 

8 

6. 

8 

7. 

8 

8. 

8 

n 

87-5 

V 

38-0 

99 

38-25 

»> 

38-75 

>9 

39-0 

99 

S90 

» 

S9K) 

I 


observed  by 
Wm.  Mallet 

Clock 
•  observed  by 
Robert  Mallet 


8)307*05 

88*38  average, 

QQ/f.OQ 

or  eight  revolutions  made  in  S8"'38=— - — =4j"*798  time  of  one  revolu* 

4"'7fi8 
tion  of  large  dial.     One  division  of  the  large  dial  is  therefore=- 


18 


ss0''*3991,  abo  equal  one  revolution  of  the  small  dial,  and  =stf ^0133 

equal  one  division  of  the  small  dial.  ^^ 

The  perM>nal  equation  deducible  from  the  above  is  as  follows.  All  Wil* 
liam  Mallet's  observations  are  of  shorter  times  than  mine,  and  assuming  the 
chance  of  error  equal  in  each  case, 


Wm.  Mallet's  four  observations. 

Exp.  1.  38-0 

2.  37-5 

3.  38-0 

4.  38-25 


4)151-75 
Average       37-937 
This  divided  by  8  revolutions  = 
4"'742  OB  time  of  one  revolution  of  _ 

lavgediaL  I  large  dial.  ^  . 
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R.  Mallet's  four  observations. 

Exp.  5.  38-75 

6.  39-0 

7.  390 

8.  39-0 


4)155-75 
Average       38'937 
This  divided  by  8  revolutioBS  sb 
4/''867  =:  time  of  one  rev<4atioii  of 
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Then  4-867 

4*74>2 
0-125  total  di£Perence, 

(y'*i25 

and  — - —  «  0"-0625  =  the  error  in  defect  for  ODd  and  in  excess  for  the 

Other  observer,  viz.  in  defect  for  W.  Mallet  and  in  excess  for  R.  Mallet 

Then,  as  Q^-OeSSaserror  for  one  revolution  of  large  dial,      "^^^=0^^-0052 

=  error  for  one  division  of  large  dial,  or  =  one  revolution  of  small  dial;  and 

?^^^^=(y'-000174.=one  division  of  small  dial. 
90 

If,  instead  of  the  operation  adopted,  we  take  the  arithmetic  mean, 

4-867 
4-742 


2)9-607 
4-8045 
and  then  take  the  difference  between  each  extreme  and  this  mean, 

//  // 

4-8670  4-8045 

4-8045  4-7420 

0^0625  0*0625 

the  result  will  be  the  same. 

The  timing  of  Sharp's  chronograph  was  now  proceeded  with,  and  as  the 
whole  period  to  be  measured  (in  the  granite)  was  expected  to  be  muoh 
shorter  than  in  the  Killiney  sand,  and  hence  greater  accuracy  was  needed, 
some  weight  was  added  to  make  this  chronograph  run  faster  than  on  occasion 
of  the  experiments  there,  on  principles  already  explained* 

Sharp's  Chronograph  (observer's  end).    20th  Sept  1850* 

Five  complete  rerolutions  made  in  each  experiment 


Exp.  1.  5  revolutions  made  in  21*00 

2.  5  „  „  21-25 

8.  5  „  „  21-00 

4.  5  „  „  21-25 

5.  5  „  „  21-80' 

6.  5  „  „  21-50 

7.  5  „  „  21-45 
S.  5  „  „  21-75J 


Wm.  MaUet 

>  observed 
the  clock. 

Robert  Mallet 

>  observed 
the  clock. 


8)171-00 

21-375 

21  "-375 
or  five  revolutions  made  in  21  "-575,  then  — --i-=i4"'275=time  of  one  revo- 

4"-275  ^ 

lation  of  large  dial,  and     .^    =  0"'35625=time  of  one  division  of  large  dial|0r 

0"-35625 
ofone  revolution  of  small  dial,  and  — ^- — s30"-011875=time  of  one  division 

30 

of  small  dial,  the  half  or  even  quarter  of  which  being  capable  of  being  read  off 
the  instrument  is  sensible  to  ?!^^21H[£=0"-002969,  or  to  about  -^ji^ih  of 
one  second. 
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The  personal  equation  derivable  from  these  experiments  is  as  follows  :*• 


W.  Mallet's  observations. 


Exp.  1. 
2. 
3. 
4. 


u 
21-00 

21-25 
21-00 
21-25 


4)84-50 
Average     21-125 

Divided  by  5  revolutions  =4"'225 
=  time  of  one  revolution  of  large 
dial* 


R.  Mallet's  observations. 


Exp.  5. 
6. 
7. 
8. 

u 

21-80 
21-50 
21-45 
21-75 

Average 

4)86-50 
21-625 

Divided  by  5  revolutions s=^ 
=:time  of  one  revolution  of 
dial. 

^"•825 
large 

Then 


u 

4-325 
4-225 
0*100  total  difference, 


0"-100  * 

and  — - —  =  0"-05  =  the  error  in  defect  in  W.  Mallet's  observations  and  in 

excess  in  R.  Mallet's.    Then,  as  0''-05=:the  error  for  one  revolution  of  large 

O^-OS 
dial,  — --— =:0'''00417=error  for  one  division  of  large  dial,  or  for  one  revo- 

0"'00417 
lution  of  small  one,  and  — ^^r — =0"'00014  error  for  one  division  of  small 

diaL 

Everything  being  now  prepared,^and  a  remarkably  calm  and  fine  day  pre- 
senting on  the  3rd  of  October,  1850,  th%  several  workmen  and  gunners  were 
collected  on  the  island,  and  the  experiments  actually  commenced  at  about 
10  o'clock  A.M.  were  completed  by  6  o'clock  p.m.,  the  accurate  admeasurement 
of  the  base  line  or  range  from  the  datum  stone  A,  near  the  blasts,  to  the 
observation  station  at  seismoscopc,  being  left  for  a  future  day. 

Ten  holes  in  all  had  been  prepared  for  blasts,  and  five  were  charged  and 
tamped  at  once  to  avoid  damping  the  powder  by  its  remaining  too  long  in  the 
holes.  Each  hole  received  from  18  to  20  lbs.  of  powder.  They  were  fired 
(the  first  five  first,  and  then  the  last  five)  in  the  order  or  number  of  the  expe- 
riments in  the  following  table.  The  letters  attached  in  the  second  column 
refer  to  the  Map,  and  show  the  position  of  the  blasts  in  the  order  in  which 
they  were  fired,  it  having  been  deemed  expedient  to  fire  in  succession  those 
least  likely  to  run  into  each  other,  and  so,  by  the  fractures  produced,  spoil 
the  effect  of  the  subsequent  ones. 

There  was  one  hole  (G)  a  "  wet  one,"  i.  c  a  run  of  water  into  it;  but  it 
nevertheless  fired  well  and  gave  a  good  result,  having  been  stopped  with  clay 
before  charging.  Only  two  of  the  holes  «•  threw  "  much  rock  to  any  distance, 
the  whole  force  of  the  charge  being  expended  in  all  the  others  only  in  rend- 
ing and  shaking  the  rock.  Not  one  gave  a  loud  report ;  nothing  beyond  a  low, 
hollow  groan.  In  one  case  (D),  a  solid  mass  of  rock,  weighing  by  measure- 
ment from  90  to  100  tons,  was  shifted  horizontally  from  its  bed,  not  less  than 
25  feet  having  been  fractured  from  the  parent  rock  on  three  sides. 
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Table  No.  4. 
Daikey  Granite  Experiments,  Waye-Transit,  October  3, 1850. 


• 

Gross  time 

Gross  time  shown 

Place  of 

Total  distance 

shown  by  the 

by  chronograph 

from  the  centre 

chronograph  at 

at  the  firing  end 

No. 

blast  on 

of  effort  of  blast 

observing  or 

Map. 

to  seismoscope. 

transit  end. 

fire. 

WdBATSTONS's. 

feet. 

o           // 

o          // 

1. 

A 

1155 

3      7-5 

0    17-0 

2. 

B 

1121 

2     10-0 

0    190? 

S. 

C 

1107 

3      4-25 

0    19-5 

4. 

D  . 

1023 

3      4-0 

0    18-5 

5. 

E 

1021 

3       2-5 

0    17-0 

6. 

F 

1150 

3       9-0 

0    185 

7. 

G 

1054 

3       0-5 

0    17-0 

8. 

H 

1040 

2     11-5 

0    17-0 

9. 

I 

1027 

2     22-0 

0    18-0 

10. 

K 

1068 

2     14-5 

0    17-5 

Table  No.  5. 

Being  the  preceding  Table  reduced  into  actual  time,  from  the  Talues  of  the 
Chronograph  Dials  as  given  in  preceding  pages. 


Difference  between  the 

times  of  the  two  chro- 

Place of 

Gross  time  of 

Gross  time  of 

nographs,  being  differ- 

No. 

blast  on 

transit  or  obser- 

firing  chrono- 

ence  between  the  two 

Map. 

Tingchronograph. 
Sharp's. 

Whsatstone's. 

preceding  columns  » 
whole  time  of  wave- 

transit  without  cor- 

rection. 

1. 

A 

1-15796 

0-2261 

0-93186 

2. 

B 

0-83135 

0-2527 

0-57865? 

3. 

C 

1-11937 

0-2593 

0-86007 

4. 

D 

1-11640 

0-2460 

0-87040 

5. 

E 

1-09859 

0-2261 

0-87249 

6. 

F 

1-17577 

0-2460 

0-92977 

7. 

G 

1-07484 

0-2261 

0-84874 

8. 

H 

0-84916 

02261 

0-62806 

9« 

I 

0-97385 

0-2394 

0-73445 

10. 

K 

0-88489 

0-2327 

0-65219 
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Table  No.  6. 
Beiog  the  Results  of  all  the  preceding  experimeDts  reduced  to  one  uni- 
form range  or  distance  of  5280  feet,  or  one  statute  mile. 


Map 

point  of 

blut. 

Actual  time  of 

Transit  time  re- 

Actual  range  of 

waTe-transitwith^ 

daced  to  one 

No. 

experiment. 

out  correction. 

unifonn  range 

of  6280  feet 

n. 

0 

J>- 

II 

it 

// 

1. 

A 

1155 

0-93186 

4-2686 

2. 

B 

1121- 

0-57865 

2-7255« 

8. 

C 

1107 

0-86007 

4-1022 

4. 

D 

1023 

0-87040 

4-4924 

3. 

£ 

1021 

0-87249 

4-5120 

6. 

F 

1150 

0-92977 

4-3558 

7. 

G 

1054. 

0-84874 

•    4-2518 

8. 

H 

1040 

0-62306 

3-1632 

9. 

I 

1027 

0-73445 

3-7758 

10. 

K 

1068 

0-65219 

3-2243 

In  the  preceding  Table  the  value  of  each  transit  time  is  propordooate  to  the 
acHial  range ;  therefore  in  taking  the  mean  each  individual  range  is  to  he 
multiplied  into  its  time  per  mile,  and  the  sum  divided  by  the  sum  of  the 
ranges  for  the  true  mean. 

Table  No.  7. 


nxp. 

Or, 

A..  . 
B..  . 

...4930.2380 
...3054.7250 

,    /  Sum  of  A,  B,  C,  D,  E,  F,  G=31219 .  1378. 
^  •  \     Divided  by  7631  s=:4'^-091 1 . 

^   /Sum  of  A,  C,  D,  E,  F,  0=28164  .4128. 
^'  \     Divided  by  6510=4"-3263. 

^    f  Sum  of  H,  I,  K=  1061 1.0272. 
^'  \     Divided  by  SlS5=3"-3847. 

C... 

...4541.1354 
, . .  4595 .  7252 

E... 
F     . 

...4606.7520 
...5009.1700 

G... 
H.. 

. . .  4481 .  3972 
.  ..8289.7280 

I  ... 
K... 

...3877.7466 
...3443.5524 

Means  cf  Means. 

Mean  of  1  and  2 =  4-2087 

Mean  of  2  and  3 =3-8555 

Mean  of  land  3 =3-7879 

Mean  of  1,  2  and  3 =3-9340 

Adopting  the  experiments  A,  €»  D,  E,  F,  G  on  the  more  shattered  gra- 
nite as  a  separate  set,  their  gross  mean  is  4''*S263  of  time  of  transit  for  one 
mile. 

And  also  adopting  the  experiments  H,  I,  K  on  the  more  solid  mass  of 
granite  as  a  separate  set,  their  gross  transit  time  is  3^-3847  of  time  for 
one  mile. 

*  This  ezpeiimeiit  is  doubtfoL 
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The  first  gives  a  transit  rate  uncorrected  of  122044  feet  per  second. 

The  second  gives  a  transit  rate,  uncorrected,  of  1559*96  feet  per  second* 
to  which  is  to  be  applied  the  seismoscope  and  other  corrections,  which  will 
be  reserved  for  future  notice. 

It  will  at  once  occur  to  the  reader, — ^Why  thus  divide  one  series  of  expe- 
riments into  two  separate  sets  ?  This  requires  explanation.  If  the  medium 
(granite)  in  which  these  or  any  similar  experiments  were  made,  were  of 
perfect  homogeneity,  the  results  of  every  separate  experiment  should  closely 
approximate  jvithin  the  limits  of  probable  experimental  error.  The  results 
given  in  the  preceding  tables  however  are  divisible  at  a  glance  into  two 
sets,  each  respectively  very  closely  approximating ;  viz.  the  sets  A,  C,  D,  £, 
F,  G  on  the  one  part,  and  those  of  H,  I  and  K  on  the  other ;  while  these  re* 
spectively  differ,  on  the  average,  in  the  ratio  of  4*3263  to  3*3847. 

This  result  had  been  anticipated  before  the  experiments  were  made. 

The  granite  chosen  for  all  the  explosions  was  the  most  homogeneous  that 
eould  be  commanded,  still  none  of  it  was  absolutely  so ;  nor  probably  does 
a  mass  of  rock  exist  upon  the  earth's  surface  that  is  homogeneous,  t.  e.  free 
from  master  joints,  clefts  and  fissures,  for  a  quarter  of  a  mile  in  extent  in 
any  direction ;  and  of  the  ten  jumper-holes  here  employed,  those  from  A 
to  6  inclusive  were  of  necessity  placed  in  granite  of  a  more  fissured  or  sbat- 
tered  character  than  the  three  others,  viz.  H,  I  and  K.  These  three  last 
ones,  as  may  be  seen  by  the  Map,  were  driven  into  one  vast  boss  (roche 
moutonde)  of  granite  absolutely  free,  so  far  as  it  was  exposed  to  view  from 
immediate  fractures,  and  from  its  appearance  extending  down  to  a  great 
depth  into  the  very  foundations  of  the  island  before  reaching  any  great  fis* 
sures.  Thus  it  follows  that  the  transit  rate  ascertained  (or  the  experiments 
A  to  H  inclusive)  belongs  to  an  impulse  wave  transmitted  through  granite  of 
the  ordinary  degree  of  fissuring  found  in  the  great  mass  of  European  granites, 
while  that  of  H  to  K  belongs  to  the  same  rock  in  a  more  solid  condition,  and 
approaching  much  more  nearly  to  the  transit  rate  that  would  be  due  to  the 
same  granite,  if  for  the  whole  length  of  range  it  constituted  one  unbroken, 
perfect  and  homogeneous  mass  of  rock.  We  will  return  to  this  when  finally 
discussing  the  results  of  our  experiments,  and  now  proceed  to  describe  some 
sabsidiary  experiments,  the  propriety  of  making  which  was  suggested  by  the 
results  obtained  in  those  devised  as  principal. 

The  large  difference  in  transit  time  between  the  wave  in  loose  sand,  as 
foand  at  Killiney,  and  that  in  granite,  as  found  at  Dalkey,  viz.  between 
906  feet  per  second  in  round  numbers,  anc^  1220  feet  per  second  the  average 
mimmum  in  granite,  might  seem  sufficient  to  establish  at  once  that  the 
pulses  observed  in  each  case  in  the  Seismoscope  must  have  been  truly  due 
to  vibrations  propagated  through  the  earth,  and  could  not  be  due  to  any 
eommotions  of  the  air  above,  produced  by  the  report  or  concussion  of  the 
powder.  But  as  both  these  transit  times  do  not  differ  enormously  from  the 
admitted  transit  period  of  the  ordinary  sound-wave  in  air,it  seemed  desirable  to 
pat  beyond  doubt  any  question  as  to  this  source  of  fallacy  in  the  experiments. 

It  is  to  be  borne  in  mind  that  at  Killiney  Bay  the  noise  or  report  of  the 
explosions  was  in  every  case  so  deafened  by  the  dead  sand,  as  to  be  scarcely 
heard  at  the  seismoscope ;  and  that  at  Dalkey,  although  the  reports  were 
more  distinct,  there  was  no  explosion  heard  at  the  seismoscope  louder  than 
that  of  two  or  three  muslcets  at,  say  ipo  yards  off,  and  not  nearly  as  sharp 
or  ringing;  nor  this  but  from  two  of  the  blasts,  the  others  producing  as 
Uttle  report  as  any  mine  at  Killiney  Bay.  Aerial  commotion  is  therefore 
at  the  outset' improbable. 

To  set  the  matter  experimentally  at  rest,  however,  eight  jumper-holes 
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were  formed  at  Glasthule  Qudrry  in  granite,  at  the  same  place  at  which  the 
first  preliminary  trial  blasts  were  fired,  and  the  same  station  as  then  was  again 
chosen  for  the  Seismoscope,  being  at  a  range  or  distance  of  150  yards. 

Upon  the  top  edge  or  lip  of  the  mercurial  trough  of  the  sebmoscope  a 
thick  plate  of  glass  was  ground  air-tight,  and  an  exhausting  syringe  was  so 
attached  that  a  pretty  good  vacuum  could  be  formed  between  the  level  plate 
of  glass  covering  the  mercurial  trough  and  the  mercury  therein,  and  th^ 
whole  so  arranged  that  disturbance  of  the  mercurial  surface  caused  the  cross 
n  ires  to  disappear  as  usual,  when  seen  through  the  glass  plate  reflected  from 
the  mercury. 

A  wooden  box  of  3  feet  square  and  15  inches  deep  was  also  prepared,  and 
filled  evenly  and  carefully  with  well  **  teased  out "  curled  hair,  such  as  is 
used  for  stuffing  cushions  ;  upon  the  top  of  which  was  placed  a  square  flat 
board  of  one  inch  thick,  whose  surface  dimensions  were  an  inch  less  each 
way  than  those  of  the  box  inside.  The  box,  when  resting  level  on  the  rock, 
was  so  adjusted  that  the  seismoscope  could  be  sustained  in  a  level  position 
(floating  as  it  were  on  the  curled  hairnspriug  mattress)  on  the  centre  of  this 
square  board. 

These  preparations  having  been  made  (the  latter  end  of  October),  a  very 
calm  day  was  chosen,  and  the  jumper-holes  having  been  charged  with  about 
4  lbs.  of  powder  each,  the  seismoscope  was  first  placed  upon  the  bare  solid 
granite,  the  plate  of  glass  and  the  telescopes  ^justed,  and  the  air  exhausted 
from  above  the  mercury.  Then  four  of  the  blasts  were  fired  in  succession, 
and  the  amount  of  disturbance  of  the  cross  wires  noticed.  The  range  was 
too  short  to  count  the  time  of  wave- transit  by  any  method,  and  the  shock 
was  sufficient  to  cause  the  cross  wires  to  disappear  completely  more  than  once> 
generally  twice,  at  each  explosion. 

The  double  disappearance  is  a  very  interesting  fact  It  is  most  probably 
the  transit  of  the  normal,  and  then  of  the  transversal  wave,  rendered  visible  to 
the  eye  for  the  first  time,  and  seems  to  indicate  that  by  a  sufficiently  delicate 
modification  of  the  Seismoscope  and  chronographic  apparatus  the  interval 
in  time  between  their  consecutive  arrivals  might  be  ascertained,  and  thus 
much  insight  gained  to  the  so  far  obscure  or  unknown  relations  that  subsist 
in  a  vibrating  mass  between  the  mutual  displacements  and  the  elastic  com* 
pressions  of  its  molecules,  in  virtue  of  which,  even  in  homogeneous  bodies, 
the  wave  becomes  one  of  two  sheets. 

This  being  done,  the  box  of  curled  hair  was  placed  upon  the  solid  granite, 
the  Seismoscope  upon  it,  the  plate  of  glass  removed,  and  the  whole  adjusted, 
the  air  having  free  access  to  the  mercury.  In  this  condition  the  other  four 
jumper-holes  were  fired,  and  the  amount  of  disturbance  of  the  cross  wires 
observed  ;  an  attempt  also  was  made  to  note  the  brief  interval  of  time  elapsing 
between  the  flash  or  smoke  (observed  in  the  former  and  latter  case  by  an 
assistant  and  chronograph)  and  the  disappearance  of  the  cross  wires,  when 
announced  by  the  observer. 

In  the  former  condition  of  the  instt*ument,  the  mercury  cut  off*  from  any 
direct  contact  with  the  atmosphere  and  resting  on  the  solid  rock,  was  in  the 
best  possible  position  for  being  affSected  by  the  wave  through  the  earth,  and 
in  the  worst  possible  position  for  being  moved  by  the  wave  through  the  air; 
while  in  the  latter  condition  it  was,  as  far  as  possible,  cut  off*  from  any  di- 
rect contact  or  hold  on  the  solid  ground  by  the  supporting  cushion  of  curled  • 
hair,  and  the  mercury  itself  was  freely  exposed  to  the  vibrations  of  the  air, 
while  the  whole  instrument,  resting  upon  a  large  flat,  dry,  deal  sounding 
board,  was  in  the  best  position  to  be  powerfully  aflTected  by  pulaes  if  oommn*^ 
nicated  through  the  atmosphere. 
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The  result  of  these  experiments  was,  that — 

1.  No  perceptible  difference  in  time  or  transit  period  could  be  estimated 
between  the  flash  or  explosion  and  disappearance  of  the  cross  wires,  in 
either  condition  of  the  instrument. 

2.  The  actual  amount  of  motion  of  the  mercury  was  perceptibly  greater 
in  the  case  where  the  seismoscope  stood  on  the  solid  rock,  with  the  air 
exhausted  above  the  mercury. 

3.  The  cross  wires  were  longer  in  coming  again  to  rest  in  the  second 
case,  where  the  instrument  stood  on  the  curled  hatr-box  and  was  freely 
exposed  to  air. 

Hence  I  conclude  that  in  each  case  the  whole  effect  was  due  to  the  stroke 
conveyed  through  the  earth,  and  none  of  it  to  that  conveyed  through  the 
air,  which  seemed  too  feeble  to  affect  the  instrument,  though  greatly  louder 
than  at  either  Killiney  or  Dalkey. 

Lastly,  to  put  at  rest  the  possibility  of  the  mercury  in  the  Seismoscope 
being  disturbed  by  even  a  pretty  loud  and  near  atmospheric  concussion,  I 
adjusted  it  on  a  surface  perfectly  at  rest  in  the  open  air,  and  fired  a  rifle  gun 
(No.  14  bore  of  barrel)  with  about  four  drachms  of  powder  for  each  charge 
of  blank  cartridge,  repeatedly  at  various  distances  and  in  various  directions 
with  respect  to  the  instrument,  the  report  in  each  case  being  fully  as  loud 
and  sharp  as  that  of  a  common  musket.  The  results  were,  that  up  to  within 
30  feet  or  thereabouts  of  the  instrument  no  disturbance  was  produced  in  the 
image  of  the  cross  wires,  when  the  rifle  was  held  horizontally  and  loosely  in 
the  hands,  and  pointed  away  from  the  instrument.  At  or  within  this  distance^ 
if  pointed  towards  the  instrument  and  held  to  the  shoulder,  or  still  more  if 
held  to  the  shoulder  firmly  and  pointed  vertically  upwards,  a  very  slight 
disturbance  could  be  noficed ;  but  beyond  30  or  40  feet  radius  round  the 
seismoscope  the  effects  of  the  discharge  were  nil.  As  in  each  case  these 
explosions  were  enormously  louder  and  more  ringing  than  any  one  of  those 
heard  either  in  the  experiments  at  Killiney  Bay  or  at  Dalkey  Island,  I  con- 
clude it  impossible  that  any  movement  or  commotion  of  the  air  due  to  the 
experimental  explosions  can  have  in  any  way  interfered  with  or  perplexed 
our  results. 

From  the  construction  of  our  instruments  and  nature  of  the  experiments 
already  recorded,  it  will  have  been  remarked,  that  the  degree  of  accuracy 
attainable,  independently  of  mere  instrumental  error,  t.  e,  the  probable  ol>- 
servational  error,  depends  upon  the  degree  of  consent  between  signal  by  the 
eye  and  hand,  as  respects  both  observers,  viz.  the  firing  party  and  the  ob* 
serving  party — the  first  of  whom  stopped  his  chronograph  by  hand  on  seeing 
the  explosion,  while  the  latter  stopped  that  instrument  at  the  further  end  of  the 
range,  by  hand  on  seeing  the  disappearance  of  the  cross  wires  of  the  Seismo- 
scope. Some  experiments  therefore  of  a  sufficiently  like  character,  to  deter- 
mine the  degree  of  accuracy  to  which  this  consenting  action  of  eye  and  hand 
existed,  in  both  observers,  and  in  what  relation  to  each  other,  seem  necessary. 
These  are  as  follow. 

Eaperimentsfor  the  DeterminaHon  of  the  Personal  Equations  of  the 
JSasperitnenters* 

These  were  made  with  Wheatstone's  chronograph  and  a  seconds'  beat 
clock,  with  graduated  arc  to  the  pendulum. 

In  the  first  case  one  observer  counted  30"  by  the  clock,  pronouncing  the' 
word  now  at  the  beginning  of  the  first  and  end  of  the  last  second,  while  the 
other  obeerer  started  and  stopped  the  chronograph,  and  then  the  two  ob- 
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servers  cbanged  places  and  repeated  the  experiments, 
the  results  of  eight  good  experimeDts. 


The  foUowiaf  are 


No. 

A. 
WiUiam  counts 

the  dock, 

Robert  starts 

and  stops. 

B. 
Robert  counts 

the  clock, 
WUliam  starts 

and  stops. 

C. 

Column  A*  re- 
duced to  time 
from  the  chrono- 
gn^ih  rates 
already  given. 

D. 

Column  B'  also 

reduced  to  time 

in  same  way. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

6     0-9 
6    0-3 
6     0-12 

5  11-9 

6  0-5 
6     0-14 
6    0-9 
6    0-5 

6     0-7 
6     0-19 

5  11-22 

6  0-28 

5  11-14 

6  0-2 

5  11*25 

6  0-1 

28-9077 
28-8279 
28-9476 
28-4998 
28-8545 
28-9742 
28-9077 
28-8545 

28-8811 
29-0407 
28*6727 
29-1604 
28*5663 
28-8146 
28-7126 
28-8013 

Means  .... 

28-8467 

28-8312 

The  figures  of  columns  A  and  B  mark  revolutions  of  large  dial  divi' 
sions,  t.  e,  ^th  of  the  large  dial,  and  divisions,  t.  e.  ^^^th  of  small  dial  of 
Wbeatstone'a  chronograph,  its  time  being  in  value  the  same  as  when  used  at 
Dalkey  experiments. 

As  there  seemed  to  be  two  sources  of  error  of  observation  in  this  mode  of 
experiment,  another  set  of  eight  good  experiments  was  made,  in  which  tbe 
same  observer  counted  the  clock,  and  himself  started  and  stopped  the  cbro- 
UOgTaph ;  and  tbe  results  below  give  the  readings  of  the  inatrument  89  by 
^ach  observer  for  tbe  same  epoeh  of  30  seconds. 


A«, 

B8, 

C9, 

I>>, 

Robert  counts 

William  counts 

Column  A'  re- 

Column B*  re- 

N«. 

clock,  and  starts 

clock,  and  starts 

duced  to  time 

duced  to  time  in 

and  stops  a  cbro- 

and  stops  a  chro- 

from  the  chrono- 

same  way. 

•ograpb. 

BOgrqili. 

gr^  rating 
as  before  g^ven. 

1. 

a     0-20 

6     0-10 

29-0540 

28-9210 

2. 

6     0-6 

6     0-7 

28-8678 

28-8811 

3. 

6   0-ia 

6     0-7 

28-9210 

28-8811 

4. 

6     0-11 

6     017 

28-9:^43 

29-0141 

5. 

6     0-7 

6     0-10 

28-8811 

28-9210 

6. 

6    0-18 

6    0-20 

29-0274 

29-0540 

7. 

6     O-ll 

6    0-23 

28-9343 

29-0939 

8. 

6     0-15 

6    0-25 

28-9875 

29-1205 

Memna 

28-9509 

28-9858 

The  figures  of  columns  A*  and  B^  represent  revolutions  q£  large  dial  dinr 
4ion«  of  ^th  thereof,  aod  divisions  of  small  dial  of  ^th  th^reoC  as  befoie. 
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These  results  seem  to  agree  pretty  wdi  with  the  American  ones  as  to 
the  degree  of  consent  between  eye  and  ear,  or  eye  and  hand,  in  observa- 
tional experiments,  which  gave  a  probable  error  for  the  same  observer  of 
about  0*01  of  a  second ;  the  mean  of  the  error  for  both  the  preceding  expe- 
riments would  be 

0^155 

0-0549 

2)00504 

0-0252 

or  nearly  double  the  American  error.  But  the  error  for  observation'with 
the  chronographs,  where  stopped  by  hand  on  9eeing  the  seismosoope  wave, 
would  be  less,  probably  not  more  than  the  American  results  on  experiments 
to  ascertain  difference  of  longitude  by  the  electric  telegraph ;  and  as  two 
obttrveri  were  engaged  at  the  same  experiments,  viz.  William  and  myself 
each  at  his  own  chronograph,  the  probable  error  of  these  experiments  may 
be  expressed  by  4/2x001  or  4/2  X0O252,  according  to  which  mean  time 
error  be  taken. 

We  are  now  in  a  position  to  apply  the  necessary  corrections  to  the  first 
reenlts  ascertained  for  the  transit  periods  both  in  the  sand  and  in  the  granite. 

The  first  correction  (see  ante),  viz.  for  the  time  lost  by  the  transit  of  the 
galvanic  current  through  the  conducting  wires  used  in  our  experiment,  mav 
be  neglected ;  for  assuming  Wheatstone's  coefficient  of  288,000  miles  in  1^' 
as  its  velocity,  the  total  time  in  the  first  series  is  only  ^  a  g^a  a  ^dth  of  a  second, 
and  in  the  second  only  about  one-half  of  this,  both  being  portions  of  time 
far  within  the  limits  of  possible  observation  or  of  instrumental  error. 

The  details  which  have  preceded  as  to  the  experimental  determinations  of 
the  probable  observational  errors,  show  that  any  corrections  for  personal 
equation  are  also  here  a  needless  refinement  The  personal  errors  indeed 
were  of  such  a  character  as  to  tend  to  their  mutual  extermination. 

The  only  correction  then  to  be  made  resolves  itself  into  that  for  the  time 
loet  in  the  production  and  transmission  (through  half  the  length  of  the  mer- 
curial trough  of  the  instrument)  of  the  wave  in  the  seismosoope. 

Referring  to  page  281  we  found  that  the  time  loH  in  forming  and  trans- 
mitting this  wave  of  the  seismosoope,  amounted  to  0"-065 ;  this  appears  ^ 
t6  ddmf  the  arrival  of  the  earth-wave  or  elastic  pulse  through  the  me- 
dium under  experiment  in  its  arrival  at  the  instrument.  Hence  the  cor- 
rection is  to  convert  this  time  into  distance,  and  add  it  to  the  first  result 
given  by  enieriment 

We  found  that  the  gross  rate  of  wave-transit  in  the  sand  was 
906*705  feet  per  second. 
Converting  Qf*<^5  in  time  into  distance,  at  this  rate  we  have 

906-705x0^^-065     ,o  n^ro  p   * 
__ =58-9858  feet; 

and  we  thus  get  the  final  result, 

'906^05+58*98635965*461  feet  per  second, 
the  transit  rate  in  the  sand  at  Killiney  Bay. 

So  for  the  experiments  in  the  granite  we  found — for  the  minimum  result 
in  jointed  granite — the  transit  rate,  uncorrected,  of 
1220*44  feet  per  second ; 
and  the  maximum  result  in  the  most  solid  granite  tried  was,  uncorrected, 
1559-96  feet  per  second. 
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For  the  seismoscope  wave,  the  former  correction  b 

1220-44  xO'^-065     ^^«^-    , 
:jjf s=  79*30  feet, 

and  the  latter  1559-96  x  0"-065 


=101-40  feet; 


1" 

and  adding  these  to  the  uncorrected  rates,  we  obtain  the  true  transit  rates  :— 
For  jointed  granite  122044+ 79-30= 1299-74?  feet  per  second,  and  for  the 
more  solid  granite  1559*96  + 101 -4053 1661 '36  feet  per  second. 

We  have  now  experimentally  ascertained,  with  considerable  accuracy,  the 
rate  at  which  an  elastic  wave  of  impulse  is  transmitted  through  two  distinct 
media,  sand  and  granite,  which,  as  being  perhaps  the  worst  and  the  best  for 
the  rapid  transmission  of  such  movements  to  be  met  with  in  extensive 
masses  on  the  surface  of  the  earth,  may  be  viewed  as  those  in  which  the  Umiis 
of  wave  motions,  analogous  to  those  of  earthquaice  waves,  are  to  be  found. 

The  results  are  as  unexpected  as  remarkable.  In  the  original  memoir  upon 
this  subject,  published  in  the  Transactions  of  the  Royal  Irish  Academy,  vol. 
xxi.  part  1,  on  the  hypothesis  that  earthquake  waves  were  true  waves  of 
elastic  compression,  I  ventured  to  conclude  that  their  transit  rates  in  varioos 
solid  and  homogeneous  media  would  be  found  to  be  proportionate  to  the 
square  roots  of  their  moduli  of  elasticity.  What  the  transit  rate  might  be  in 
discontinuous  or  interrupted  media,  I  could  not  venture  even  to  guess.  It 
was  not  without  surprise,  however,  that  I  found  it  in  sand  redu(^  so  low 
as  under  966  feet  per  second ;  and  this  was  again  increased,  when  it  proved 
in  granite  not  to  exceed  a  maximum  of  1662  feet  per  second ;  the  former 
falling  below  the  rate  of  ordinary  sound  in  air  about  as  much  as  the  latter 
rises  above  it.  Had  I  been  asked  beforehand  what  velocity  I  expected  to 
find  in  solid  granite,  I  should  have  replied,  possibly  8000  feet  per  second*  or 
more ;  but  the  extremely  low  velocity  previously  found  in  the  sand  had  in 
some  degree  prepared  me  to  expect  one  of  lower  value  in  the  granite*  and 
on  careful  review  of  the  whole  research  I  am  disposed  to  consider  the  results 
given  as  true  answers  to  questions  truly  put  to  nature.  Whence  then  this 
apparent  discrepancy  between  hypothesis  and  experiment?  I  believe  the  ex- 
planation is  twofold. 

No  such  thing  as  an  absolutely  solid  and  homogeneous  rock  formation  exists 
anywhere  on  the  earth's  surface.  Whatever  may  be  the  rate  of  wave-transit 
in  any  one  solid  block  or  mass  of  rock,  the  transit  rate  through  the  whole 
depends  not  only  upon  the  density  and  elasticity  of  the  minerals,  but  upon 
the  extent  and  degree  to  which  its  mass  is  broken  and  fissured,  and  upon 
the  nature  and  direction  of  these  fissures.  If  the  fissures  be  but  fraeiures 
with  closely  abutting  surfaces,  and  these  surfaces,  chiefly  either  in  plane* 
perpendicular  to,  or  in  the  direction  of  the  wave's  transit,  they  will  produce 
the  least  degree  of  retardation  in  the  velocity  of  the  wave,  and  have  Uie  least 
effect  in  the  extinction  of  its  volume ;  but  when  such  fissures  are  either  alter- 
nations of  bedding  filled  in  with  thick  or  thin  layers  of  material,  heterogene- 
ous to  the  mass  of  the  formation  of  invaded  rock,  or  shatterings  in  various 
planes  at  many  and  uncertain  angles  of  direction  to  that  of  the  wavers  mo- 
tion, and  with  surfaces  loosely  approximating,  or  even  altogether  out  of  con- 
tact, then  the  effect,  of  loss  of  vis  viva,  at  every  such  alternation  of  medium, 
in  retarding  the  velocity  of  the  wave,  and  by  innumerable  reflexions  and 
alterations  in  direction,  dbpersing  its  volume,  will  be  enormous. 

In  some  instances,  where  the  angle  at  which  the  new  medium  meets  the 
line  of  transit  of  the  emergent  wave  is  suitable*  reflexion  (as  in  the  cafe  of 
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light)  will  no  doubt  be  total,  and  thus  an  earthquake  shock  may  emerge  from 
the  surface  at  a  point  totally  different  from  that  indicated  by  its  original  path. 
An  analogous  phsenomenon  of  continued  reflexion  seems  to  be  the  pro* 
bable  solution  of  the  frequently-observed  case  of  shocks  felt  in  mines  at  cer- 
tain depths,  and  yet  not  at  the  surface  or  still  deeper  in  the  mine.  Thus,  if 
Of  ^  constitute  a  couche  of  formation  of  a  certain  elasticity  and  density,  lying 

Diag.  U. 


upon  another  of  very  different  and  perhaps  much  lower  elasticity,  and  with 
a  third  different  formation  superimposed,  a  wave  transmitted  at  a  certain 
angle  in  the  direction  of  the  arrow  from  a,  may  be  reflected  downwards  and 
upwards  alternately  until  extinguished,  and  while  scarcely  or  not  at  all 
perceptible  in  the  beds  above  or  below,  may  produce  a  powerful  shock 
throughout  the  intermediate  beds  a,  b.  The  Saxon  and  South  American 
mines  afford  frequent  record  of  this  phsenomenon. 

But  to  return.  To  these  causes  I  ascribe  the  great  deficiency  in  velocity 
which  we  have  ascertained,  below  that  due  to  the  probable  moduli  of  the 
materials.  In  the  lower  limit,  the  sand,  which  may  be  viewed  as  only  the 
extreme  case  of  a  rock  formation  shattered  and  broken  up  indefinitely,  the 
velocity  due  to  its  material  would  theoretically  be  the  high  one  due  to  the 
highly  elastic  quartz  of  which  its  particles  mainly  consist ;  but  the  extreme 
want  of  continuity  occurring  at  every  fraction  of  an  inch  through  which  the 
path  of  the  wave  lies  and  the  imperfect  juxtaposition  of  the  particles,  neu- 
tralize all  this ;  and  the  low  conducting  power  of  sand  for  impulse  (elastic 
waves)  is  matter  of  even  popular  knowledge :  thus  we  find  sand-bags  for  thb 
reason  employed  to  form  the  breastworks  of  batteries,  as  the  best  material  to 
absorb  and  neutralize  the  stroke  of  cannon-shot 

The  retarding  effects  of  heterogeneity  of  medium  have  been  well  shown  by 
the  results  of  Mr.  Goldingham's  elaborate  experiments  at  Madras  upon  the 
rate  of  sound  in  dry  and  in  damp  air,  from  which  he  concluded  that  sound 
in  conunon  air  suffered  a  retardation  of  1*40  foot  per  second  for  each  degree 
of  his  hygrometer,  due  to  the  admixture  of  moisture.  If  water  in  the  state  of 
intimate  suspension,  in  which  it  exists  invisibly  dissolved  in  air,  has  such  an 
effect,  how  much  more  might  we  look  for  it  in  sand  mixed  with  air  and  water  I 

It  would  be  premature  and  useless  in  the  as  yet  imperfect  state,  both  ex- 
perimental and  theoretic,  of  what  we  may  hereafter  call  Stereo-acoustics, 
or  knowledge  of  the  nature  of  sound  in  solids,  to  affirm  that  these  are  aU 
the  conditions  that  may  modify  the  transit  rate  of  waves  in  such  media,  or 
that  if  we  had  presented  to  our  experiments  extended  formations  of  mineral 
mat^r,  absolutely  homogeneous  and  unbroken,  we  then  should  find  the 
transit  rate  of  hngiiudinal  prcpaffatUm  of  the  wave  such  as  theory  has 
hitherto  predicted  it,  or  that  it  would  be  the  same  as  the  transit  rate  of  free 
vibraiion  in  the  same  medium.  On  the  contrary,  there  is  reason  already  to 
believe  that  hereafter  it  may  prove  to  be  otherwise. 

We  may  recall  the  experiments  made  long  since  by  M.  Biot,  upon  the 
transit  rate  of  sound  in  the  cast  iron  water-pipes  of  Paris.  He  announced  as 
bis  result  that  sound  in  cast  iron  travels  longitudinally  with  a  velocity  10*5 
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times  that  in  air ;  but  the  velocity  that  would  be  deduced  from  the  mean 
modulus  of  eiastioity  of  cast  iron  gives  12*2  times  that  in  air. 

Much  more  recently  MM.  Wertheim  and  Breguet  have  made  some  most 
interesting  experiments  upon  the  rate  of  sound  in  malleable  iron,  namely, 
in  the  wires  of  the  electric  telegraph  on  the  Versailles  Railway,  with  a  range 
of  no  less  than  4050  metres.  The  method  of  experiment  is  remarkable  for 
its  simplicity  and  accuracy.  It  consisted  in  placing  an  observer  and  assistant 
at  either  end  of  the  range,  provided  each  with  a  chronometer,  both  of  which 
were  accurately  rated  together,  and  also  with  a  delicate  stop-watch,  by  which 
time  could  be  noted  to  -jf^th  of  a  second.  At  a  predetermined  moment  the 
observer  struck  a  sharp  blow  of  a  hammer  on  the  wire  at  one  end ;  the  as- 
sistant at  the  other  noted  the  moment  of  arrival  of  the  sound.  This  process 
was  repeated  back  from  the  other  end,  and  so  on.  Thus  the  personal  errors, 
and  those  of  the  chronometers,  became  eliminated,  and  the  length  of  range 
practically  doubled. 

Their  results  are,  that  sound  travelled  linearly  in  the  wrought  iron  wfare  at 
the  rate  of  only  S485  metres=  1 1433-936  feet  per  second. 

They  then  stretched  two  metres  of  the  wire  as  a  musical  chord,  and  by 
Chladni's  method  determined  th^  velocity  of  transversal  vibration  to  be  46S4 
metres^  15233*721  feet  per  second.  Hence  the  experimental  velocity  of  the 
sound-wave  propagated  longitudinally  is  much  less  than  that  of  free  or  trans- 
versal vibration,  and  still  less  than  that  deducible  from  the  mean  modulus  of 
wrought  iron.  The  latter,  however,  would  be  abundantly  uncertain  in  appli- 
cation, as  the  state  of  annealing  of  the  wires,  or  their  density,  &c.,  are  not 
given.     (Comp.  Rend,  t  xxxii.  p.  293.) 

Should  this  indicate  a  general  fact,  as  seems  highly  probable,  then  we  have 
a  theoretic  cause,  whose  action  coincides  with  that  of  want  of  homogeneityi 
in  producing  retardation  of  the  elastic  waves  of  our  experiments. 

In  applying  our  results  to  any  speculation  as  to  the  actual  velocity  of  earth- 
quake waves,  the  effects  of  the  direction  and  depth  from  which  they  are  pro- 
pagated from  the  origin  must  be  held  in  view. 

As  we  descend  deeper  in  every  rocky  formation  of  the  earth's  crast,  we 
mav  expect  to  find  the  material  not  only  denser  (greater  sp.  gr.),  bat  leas 
and  less  shattered ;  and  hence  the  velocity  of  the  earth-wave  will  be  greater 
in  the  same  formation  in  proportion  as  its  path  lies  deeper.  When  an  emei^gent 
earth*  wave  reaches  the  surface,  then  its  actual  velocity,  if  transmitted  from 
a  great  depth  and  at  no  very  large  angle  from  the  vertical,  may  be  very  much 
greater  than  would  be  due  to  the  surface  rock ;  for  theory  at  present  does 
not  admit  of  our  determining  how  far  into  a  second  medium  of  lower  elasti- 
city the  wave  transmitted  from  another  more  elastic  medium  will  penetrate 
the  former  with  a  velocity  due  to  the  first  medium,  or  in  what  way  and  to  what 
extent  the  velocity  of  the  wave  will  be  affected  with  reference  to  the  distance 
traversed  beyond  the  junction  of  the  media ;  still  less  will  theory  yet  enable 
us  to  predict  the  effects  of  gradual  change  of  elastic  coefficient  of  the  medium 
through  which  the  wave  passes. 

Again,  if  we  assume  the  formation  homogeneous  in  depth,  and  vibration 
propagated  linearly  in  aU  directions  alike  from  a  centre  of  impulse ;  owing 
to  the  compression  of  the  mass  from  the  effects  of  gravitation  thus  acting  at 
great  depths,  it  is  possible  that  the  rate  of  wave  transit  may  vary  at  different 
levels  as  some  function  of  the  depth,  bearing  an  analogy  to  the  case  of  a  liquid 
confined  in  a  tube,  which  Wertheim  finds  to  transmit  sound  at  a  different  rate 
(its  transversal  vibrations  being  confined)  from  a  boundless  mass  of  the  same 
liquid.    (Comp.  Rend,  t  xxviii.  p.  151.) 

The  discussion  of  many  earthquake  narratives  in  the  progress  of  the  eata* 
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logttd  6f  the  preaebt  Report,  indiOAtes  that  at  a  faot^  earth-wayea  transmitted 
nearly  vertioally  and  hence  probably  from  great  depths^  are  most  remarkable 
fbr  the  intense  violence  and  velooity  of  the  shock*  Humboldt's  account  of 
the  great  earthquake  at  Riobamba  (see  preceding  Report^  and  Humboldt's 
Personal  Narrative),  may  be  especially  noticed  in  confirmation^  where  the 
velocity  tras  stated  to  be  such  as  to  project  the  bodies  of  men  and  anlmab 
numy  feet  into  the  air. 

For  this  reason  I  have  deemed  it  worth  while  to  prepare  a  diagram^ 
in  which,  taking  the  extreme  horizontal  or  surface  limits  within  which 
some  of  the  greatest  earthquakes  on  record  have  been  observed  to  extend* 
and  assuming  that  the  emergent  wave  at  each  of  those  limits  had  no  deeper 
origin  than  would  be  found  by  the  chord  of  a  great  circle  connecting 
them,  which  is  certainly  below  the  truth,  I  have  endeavoured  to  show  the 
depth  within  the  earth's  crust  at  which  the  origin  might  lie,  equal  in  each 
case  to  the  versed  sine  of  the  arc  cut  off.  On  this  supposition  the  depth 
of  origin  of  many  of  the  great  earthquakes  may  not  have  been  very  great 
(though  it  is  likely  in  most  of  these  cases  the  wave  was  an  acutely  emergent 
one  over  the  whole  area  shaken) ;  but  in  some  others  the  depth  of  origin, 
even  upon  our  most  disadvantageous  data>  must  have  been  very  great ;  while 
in  one  extremely  curious,  though  unfortunately  doubtful  case,  there  is  some 

S*ound  for  believing  that  one  and  the  same  shock  of  earthquake  was  felt  on 
ov.  16,  1827,  at  places  nearly  antipodal,  vix,  at  Ochotsk  and  at  Columbia 
in  South  America ;  and,  if  80i  had  its  origin  not  very  remote  from  the  centre 
of  the  earth. 

Coincident  earthquakes  in  time  at  very  distant  places  on  the  earth's  sur- 
face have  been  by  no  means  rare,  as  at  Iceland  and  Norway,  Poland  and 
Constantinople,  &c.  (See  Catalogue.) 

The  preceding  remarks  as  to  the  different  velocity  of  the  normal,  and  the 
transversal  wave  in  elastic  solids,  suggest  future  inquiries  of  great  interest 
and  importance  in  relation  to  the  so- often  recorded  double  shock  of  earth- 
qnake.  In  frequently  shaken  regions  popular  belief  attests  the  fact,  that  retf 
soon  after  each  shock  another  of  less  intensity  and  of  a  somewhat  different 
character  follows  it,  with  however  a  very  perceptible  interval  between,  and 
Which  is  fancied  to  be  greater  in  proportion  as  the  first  shock  is  more  powerful* 

Admitting  a  sufficiently  distant  origin,  the  laws  of  normal  and  transversal 
Vibration,  as  interpreted  by  Poisson  upon  his  hypMesiSj  would  be  suffi- 
cient to  account  for  the  perception  of  a  double  blow )  the  probability  of  its 
arising  truly  from  the  successive  emergence,  first  of  the  normal  and  then  of 
the  transversal  wave,  due  to  the  one  originating  impulse,  is  rendered  much 
greater  on  taking  into  consideration  the  facts  above  noticed,  as  ascertained 
Sy  Wertheim  and  Breguet 

Another  source  of  double  shock  is  highly  probable,  but  remains  to  be  as* 
certained  by  further  researches.  In  the  more  perfectly  laminated  and  bedded 
slates,  it  is  likely  that  both  the  normal  and  transversal  waves  will  be  divided, 
each  into  a  pair  having  new  paths  of  motion,  each  separating  into  what  we 
may  denominate  the  aniinarif  and  the  extraordinofy,  namud  and  transveraod 
noa/Ms ;  the  peculiar  molecular  arrangement  of  such  rocks  producing  effects 
a&dogous  to  those  of  the  ordinary  and  extraordinary  rays  of  light  in  douUe 
refracting  crystals. 

Amongst  the  vaiit  mass  of  recorded  earthquakes  that  form  the  succeeding 
catalogue,  it  is  to  be  regretted  that  not  half-a-dozen  out  of  nearlv  as  many 
thousands,  give  any  data  by  which  the  time  of  superficial  transit  of  the  shock 
ifi  parsing  from  one  spot  on  the  earth's  surface  to  another  could  be  ascertained. 
In  a  v«ry  few  kuMftces  however  diffident  data  have  been  ooHeoted  to  aseeiw 
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tain  this  in  a  rudely  approximate  way,  and  subject  also  to  this  additaonal 
source  of  error  and  uncertaintv,  that  having  no  observation  of  the  angle  of 
emergence  of  the  wave  of  shock  at  the  place  of  observation  (and  indeed  very 
seldom  any  apparent  surface  direction  even  given),  and  the  apparent  directioii 
of  shock  being  almost  always  very  far  from  identical  with  its  real  direction, 
it  becomes  impossible  to  make  the  requisite  trigonometrical  allowance  for  the 
change,  from  apparent  to  true  direction,  in  modifying  the  observed  velocity, 
or  rather  the  velocity  as  calculated,  on  the  assumption  that  the  wave  traversed 
a  great  circle  of  the  earth's  surface  between  the  two  points  at  which  the  time8> 
of  its  transit  had  been  observed  ;  still  it  is  of  value  to  compare  such  rude 
approximations  as  we  can  yet  command  with  the  results  we  have  already 
experimentally  obtained.    I  proceed  to  do  so. 

In  the  Lisbon  earthquake  of  1761 » the  shock  was  recorded  at  the  following 
times  and  places : — 

H.M.S.  Gosport  off  the  Uock  of  Lisbon  (given  as  lat  4>4;°  8'  N.  and  loi^. 
5"^  10'  W.,  apparently  in  error  for  38°  4'  N.  lat,  10°  5'  W.  long.),  shock  fdt 
at  a  quarter  of  an  hour  before  noon. 

At  Corunna,  felt  at  noon. 

At  Cork,  felt  at  IS'^  15"  p.m. 

At  Santa  Cruz,  Barbary,  at  noon. 

As  all  these  places  are  nearly  in  the  same  longitude,  the  clocks  require  no 
correction  for  true  time.    The  distances  then  are — 

Lisbon  Rock  to  Corunna  . .  340  statute  miles. 

Lisbon  Rock  to  Cork 903  „ 

Lisbon  Rock  to  Santa  Cruz .  556         „ 
or  in  time — 

340  statute  miles  in  15°*  =  22*66  miles  per  minute. 
^0^903 l^^ew  „  30*0 

556 15™  =  37-06  „ 

The  greatest  of  these  transit  rates  occurs  in  a  range  undec  the  Bay  of 
Biscay,  consisting  probably  to  a  great  extent  of  hard  consistent  slates  or  other 
still  more  elastic  rocks. 

M.  Perrey,  in  bis  Memoir  on  Earthquakes  in  the  Antilles  (Mem.  Acad,  de 
Dijon,  1845-46,  p.  367),  in  recording  the  well-known  shocks  of  Pointe  a  Pitre 
in  Guadaloupe,  of  February  8,  1843,  says,  '^M.  Itier  is  of  opinion  that  the 
shock  in  a  direction  from  N.W.  to  S.E.  took  thirteen  minutes  to  travel  from 
Guadaloupe  to  Cayenne  in  South  America.  This  distance  is  nearly  14^=3  840 
geographical  =  973  statute  miles,  which  is  at  the  rate  of  74*84  statute  miles 
per  minute/* 

M.  Perrey  attaches  the  greatest  possible  doubt  to  the  correctness  of  M. 
I  tier's  records  and  observations  in  this  matter.  The  superficial  material 
fonniug  the  intermediate  range  is  probably  principally  of  soft  diluvial  or 
detrital  material ;  but  if  the  shock  were  transferred  laterally,  as  is  probable,  at 
a  great  depth,  and  was  felt  transversal  to  its  principal  line  of  transit  at 
Cayenne,  it  is  likely  to  have  had  its  range  in  very  hard  and  elastic  rock, 
though  of  what  precise  character  there  is  no  information. 

The  two  following  East  Indian  earthquakes  are  of  much  interest  in  refer- 
ence to  the  point  before  us.  The  skeleton  map  of  India  (PI.  XVII.)  I  have 
prepared  by  reduction  from  Allen's  great  map,  and  approximately  divided  its 
surface  into  coloured  geological  divisions,  having  reference,  not  so  much  to 
recognised  geological  formations,  as  to  the  classification  of  formations  to- 
gether under  one  tint,  that  possess  something  like  a  general  equality  of  pro- 
bable transmissive  power  for  earthquake-waves,  so  that  the  whole  surfiice 
has  been  massed  under  six  divisions,  viz."**! ,  crystalline,  schistose,  or  granitoid 
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roeiuy  coloured  .blue ;  2,  older  stratified  aud  carboniferous  rocks,  coloured 
dark  gray ;  3»  secondary  rocks,  from  carboniferous  to  cretaceous  inclusive, 
coloorod  green ;  4,  the  tertiary  formations,  coloured  yellow ;  5,  alluvial  plains, 
detritus,  ^c,  coloured  brown;  and  6,  igneous  rocks,  modem  porphyries, 
diorites,  &c,  coloured  red.  The  data  have  been  principally  derived  from 
Johnston's  '  Physical  Atlas,'  and  no  attempt  at  exact  definition  of  boundary 
has  been  attempted,  the  object  in  view  being  to  give  some  notion  of  the 
class  of  formations  through  which  the  ranges  of  the  shocks  now  about  being 
mentioned  lay. 

The  places  at  which  the  shocks  were  felt  and  recorded  are  marked  along 
with  some  of  the  greater  physical  features  of  the  country,  and  the  observed 
directions  of  the  shocks  are  marked  by  arrows. 

The  first  Indian  earthquake  referred  to  is  that  of  June  16,  1819,  the 
night  on  which  Cutch  was  wholly  destroyed,  the  Run  of  Cutch  submerged, 
and  the. great  Ullah  Bund  (a  vast  elevated  bank  of  sand  and  slob)  thrown 
up  ;  there  were  two  great  shocics,  which  were  felt  more  or  less  almost  over 
all  Central  India. 

On  the  same  night,  with  the  same  interval  of  two  minutes  between  them, 
two  slight  shocks  were  felt  at  Calcutta  upon  the  opposite  side  of  that  great 
continent,  where  they  were  sufficient  to  cause  suspended  lamps,  &c  to  vibrate. 
These,  there  can  be  no  rational  doubt,  were  due  to  the  same  original  impulse 
that  produced  such  devastation  at  Cutch  more  than  1000  miles  off. 

They  were  observed  at  Calcutta  at  half- past  eight  o'clock,  which  is  90 
minutes  later  than  the  great  shocks  were  noted  at  Cutch.  The  distance  on 
a  great  circle  is  about  1^00  statute  miles,  which  reduced  gives  a  transit  rate 
of  only  13*SS  miles  per  minute  (Roy.  As.  Journ.  vol.  ix.  p.  70). 

A  considerable  distance  at  both  extremities  of  this  long  range  consists  of 
loose  diluvial  material  of  the  lowest  possible  transit  coefficient,  but  a  large 
portion  of  the  central  tract  traversed  appears  to  consist  of  formations  pos- 
sessing a  much  higher  elasticity. 

On  the  26th  of  August,  1834,  the  great  earthquake  of  Nepaul  occurred, 
which  convulsed  the  whole  of  that  region,  and  was  felt  throughout  the  Pun- 
jaub  and  over  a  large  part  of  central  India.  No  important  information  has 
been  obtained  as  to  its  phaenomena  nearer  to  its  probable  origin,  which  appears 
to  have  been  somewhere  in  Thibet  or  Lassa,  to  the  north  and  east  of  the 
Himalayan  chain.  The  Journ.  Roy.  As.  Soc.  vol.  xiii.  p.  158,  contains  a 
summary  of  the  events  as  experienced  in  Nepaul,  where  it  seems  to  have  been 
verv  formidable.     The  direction  there  generally  appeared  to  be  from  N.E. 

The  principal  shocks  were  at  6  o'clock  p.m.;  half-past  6  o'clock;  half-past 
11  o'clock ;  and  55  minutes  past  noon,  all  Calcutta  time ;  and  vibrations  were 
almost  continuous  the  whole  day  (24  hours)  of  the  26th  of  August,  1834 ;  in 
1829  such  vibrations  continued  for  40  days  or  more. 

Dr.  Campbell,  at  Katmandu,  says,  ''  The  shock  at  6  o'clock  lasted  about 
40  seconds ;  its  sound  was  like  that  of  heavy  ordnance  passing  over  a  draw- 
bridge rapidly."  '<  I  felt  that  it  was  travelling  with  the  speed  of  lightning 
towards  the  west  and  just  under  my  feet;"  **  trees  waved  to  the  root?  as  it 
passed."  Dr.  C.  was  at  the  time  at  his  house  on  the  hills,  about  a  mile  away 
from  Katmandu,  the  capital  of  Nepaul ;  and  at  the  coming  on  of  the  third 
shock,  the  murmured  prayers  of  the  vast  multitude  in  the  city  reached  his 
ear  with  a  terrible  sublimity  like  the  voice  of  many  waters;  above  100 
houses  were  levelled  there  in  a  moment.  All  the  shocks  seemed  to  come 
from  the  £.  and  N.£. 

naces  to  the  east  of  Katmandu  sufiTered  still  more ;  at  Bhatgaun  1000 
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houses  were  levelled  and  300  people  killed,  with  500  pertons  mor«  in  th6 
valley.  "  At  Monghyr,  Rungpur,  Mozufferpur,  Mallai,  all  in  the  direct  line 
of  influeDce,  man j  houses  have  been  destroyed." 

At  Calcutta  three  shocks  were  felt.  Hanging  lamps  were  moved,  but  no 
damage  was  done.  At  Agra  the  shocks  were  rapid  and  strong,  lasting  a  few 
seconds  each.  At  Lucknow  four  shocks  were  perceived ;  **  the  tremuloas 
motion  was  like  that  of  a  steam  vessel "  (probably  meaning  that  tremulous 
motion  sometimes  produced  by  the  draft  of  the  steam-boiler  fires),  the  beaitia 
creaked  and  cornices  fell  down. 

At  Tyrhut  the  movement  was  from  E.  to  W. ;  water  in  a  tank  4  feet  deep, 
whose  surface  was  3  feet  below  the  edge  or  brim  of  the  tank,  was  thrown 
out 

At  Purneah  the  shock  was  the  severest  ever  felt  there ;  houses  were  thrown 
down,  birds  flew  frightened  from  their  roosts,  sleeping  horses  were  wakened 
and  rose  in  alarm,  an  astronomical  clock  was  stopped ;  and  from  observa* 
tions  on  it  and  some  other  circumstances,  it  was  concluded  that  the  shock 
there  came  from  the  south,  and  travelled  east  (a  very  singular  and  sudden 
change  of  purpose  if  it  were  so). 

At  fiuxar  the  direction  was  apparently  from  N.  to  S ;  it  is  addedi  **  the 
motion  seemed  a  good  deal  bounded  by  the  Ganges,  as  at  Koruntadhee;  Just 
opposite  to  Buxar  much  less  motion  was  felt  than  on  the  right  bank  of  the 
river."  At  Monghyr  seven  distinct  shocks  were  felt  between  5  and  half-past 
8  o'clock  A.M.  of  the  27th  of  August,  and  there  had  been  more  than  25  felt 
during  the  night. 

At  Patna,  at  30  minutes  past  eleven  p.m.  of  the  26th  of  August,  a  great 
shock  was  felt  from  east  to  west,  and  another  at  midnight ;  eighteen  shocks 
were  counted  by  some  observers. 

All  the  country  about  Bankipoor,  Dinapore,  Diggab,  Scc.  Was  shaken. 

These  rather  incoherent  accounts  must  serve  to  give  some  general  notion 
of  the  power  and  extent  of  this  earthquake.  The  precise  moment  of  the  oe* 
currence  of  the  second  shock  was  noted  at  Calcutta  by  its  stopping  an  astro- 
nomical clock.  The  moment  of  shock  at  several  other  distant  places  was  also 
noted  and  the  observed  time  corrected,  for  Calcutta  time,  as  referred  to  this 
particular  clock. 

The  following  is  a  list  of  those  places  and  the  times  of  shock  corrected  for 
longitude  :— 


Place. 


LatN. 


Long.  E. 


ObMrted  Time  and 
Correction. 


Calcutta  Tine. 


Calcutta  . . 
Katmandu 
Rungpur  . . 
Monghyr . . 
Arrah  . . . . 
Rotas  Hills 
Gorackpur 
Allahabad 
Bankura*. . 
Tyrhoot  .. 
Buzar  . . . . 
Patna  . . . . 


22  36 
27  43 
95  43 
25  22 

25  35 
32  58 

26  44 
25  26 

24  90 
? 

25  32 
25  35 


88  24 

85  13 

89  22 

86  29 

84  40 
73  41 
83  18 
81  48 
77  90 

? 
83  65 

85  90 


II 
11 
11 
11 
11 
11 
11 
11 


45  + 
20- 
27  + 
15  + 
10  + 
20  + 
0  + 
30  + 


12 
2 
7 

14 
20 
19 


11  34  48 

10  57 

11  18 
34 
29 
30 
39 
28 
34 


11 
11 
11 
11 
11 
11 


Time  not  correctly  observed. 

Ditto. 

Ditto. 


*  Qusere  Bampoora. 
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From  the  extremely  conflicting  or  imperfect  accounts  given,  as  to  the  di- 
rections in  which  the  shocks  were  observed,  and  hence  the  uncertainty  as  to 
what  places  may  be  taken  as  extremes  of  each  range,  I  am  only  able  from 
the  above  list  to  select  four  cases  in  which  we  can  arrive  at  any  conclusion 
worthy  of  reliance  as  to  the  approximate  rate  of  transit  of  this  shock. 
These  are — 

Rungpur  to  Arrah,  290  statute  miles,  in  11  minutes  =  26*363  miles  per 
minute. 

Monghyr  to  Goraokpur,  200  statute  miles  in  5  minutes  =s  4^  miles  per 
minute :  this  was  in  granite  a  part  of  the  way. 

Rungpur  to  Monghyr,  180  miles  in  16  minutes  =  11*25  statute  miles  per 
minute. 

Rungpur  to  Calcutta,  220  miles  in  16  minutes  =  13*75  statute  miles  per 
minute :  this  was  chiefly  in  low  alluvial  deposits. 

The  last  instance  1  shall  at  present  advert  to  is  that  of  two  ships  at  sea, 
both  of  which  experienced  a  shock  within  half-an-hour ;  it  has  been  pointed 
out  to  me  by  my  respected  friend  Dr.  Robinson  as  noticed  in  the  Nautical 
Magazine  for  M^rch  1851,  p.  165.  Lieut.  Maury,  of  the  National  Obser* 
vatory  at  Washington,  in  noticing  the  existence  of  a  submarine  volcano,  .as 
observed  by  Captain  Ballard  of  the  ship  Rambler,  from  Calcutta,  on  the  30th 
of  October,  in  lat  16^  30'  N.,  long.  54°  30'  W.,  and  Captain  Potter  of  the 
barque  Millwood,  last  from  Rio,  half-an-hour  later  on  the  same  day,  when 
in  lat.  23°  SO'  N.  and  long.  58°  0'  W.,  remarks,  «  These  vessels  were  about 
520  miles  apart;  supposing  them  in  the  direct  line  in  which  the  earthquake 
was  travelling,  its  rate  will  appear  to  be  about  1  mile  in  5  seconds,  which  is 
only  a  little  slower  than  sound  (at  the  rate  of  1  mile  in  4'*6  seconds)  travels 
through  air." 

It  is  possible  there  may  have  been  two  shocks,  and  that  each  ship's  com- 
pany felt  a  separate  one  ;  but  this  is  very  improbable ;  for  as  the  ships  were 
only  520  miles  apart,  had  there  been,  each  vessel  could  scarcely  have  escaped 
being  sensible  of  two  shocks ;  assuming  then  it  to  have  been  a  single  earth- 

?uake,  the  rate  is  520  miles  in  30  minutes,  or  only  17*3  miles  per  minute, 
n  this  case  it  is  probable  that  the  shock  traversed  (qtmmprox*)  horixontaUy 
beds  of  loose  material  of  vast  depth  at  the  bottom  of  the  sea,  and  that  the  shock 
thence  was  conveyed  transversely  upwards  through  the  water  to  the  ships* 

In  the  following  Table  I  have  placed  together  the  results  of  all  the  pre- 
ceding data  as  to  the  approximate  rates  of  earthquake  waves  from  obser- 
vation. The  value  of  tbis  at  present  is  simply  that  it  affords  strong  pre- 
sumptive confirmation  of  the  correctness  of  the  results  of  the  preceding  ex- 
periments, and  that  both  make  it  almost  certain  that  the  actual  rate  of  transit 
of  earthquake- waves,  when  hereafter  there  shall  be  the  means  of  their  perfect 
observation,  as  occurring  in  nature,  will  be  found  verv  much  slower  indeed 
than  I  myself  and  others  anticipated  on  theoretic  grounds,  based  on  the  elastic 
moduli  of  the  rocky  crust,  considered  as  evertpahere  an  unbroken  elastic  solid. 
But  as  giving  yet  awhile  correct  ideas  of  the  actual  rates,  the  following 
Table  must  be  received  as  but  most  rudely  approximate. 

With  the  exception  of  the  Guadaloape  earthquake,  upon  which  much 
doubt  rests,  the  greatest  rate  of  transit  in  the  foregoing  Table  falls  greatly 
below  what  would  have  been  anticipated,  on  the  assumption  of  the  wave 
passing  through  perfectly  solid  elastic  bodies,  while  the  general  character  of 
the  rates  coordinate  pretty  well  with  the  limits  experimentally  given  in  the 
preceding  pages. 
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Table  No.  8. 

Probable  Transit  Rates  of  Earthquake  Waves,  as  observed  and  calculated, 
from  various  authorities. 


Occasion  and  Place. 


Approximate 
rate  in 
feet  per 
second. 


Formation  constituting  range  on 
surface  so  far  as  known  or 
conjectured. 


Authority. 


ReT.  John  Mitchell's  guesses,  from 
the  Lisbon  earthquakes , 

Von  Humboldt's  ditto,  from  South 
American  


Lisbon  Earthquake  of  1761, 
Lisbon  to  Corunna    


Lisbon  to  Cork  . 


Lisbon  to  Santa  Cms 


Antilles, 
Pointe  k  Pitre  to  Cayenne  (doubtful) 

India. 
Cutch  to  Calcutta  (1819) 

India. — Nepaul  and  Basin  of  the 
Ganges  (1834). 

Rungpur  to  Arrah 

Monghyr  to  Gorackpur •. 

Rungpur  to  Monghyr  

Rungpur  to  Calcutta 

Ships  Rambler  and  Millwood  at 
Sea(lB5l). 

Between  lat.  16^30^  N.long.,  54' 
SC  W.,  and  lat  23**  30'  N.,  long. 
58*'0'W 


1760 

from  1760 
to  2464 


1994 
5228 
3261 

6586 


Sea-bottom,  probably  on  slates, 
secondary  and  crystalline  rocks. 

From  observations  in  various 
South  American  rocks,  in  great 
part  volcanic 


I  Mitchell 
Humboldt. 


Transition,  carboniferous  and 
granitoid    

Transition,  carboniferous,  cry- 
stalline slates  and  granitoid, 
probably,  under  the  sea-bottom. 

The  same  with  many  alter- 
nations   ., 


1173  / 


2314 

3520 

990 

1210 


1 


I   1056   I 


Probably  volcanic  rocks  under  1 
sea- bottom j 


Alluvial,  secondary,  granitoid,  1 
and  later  igneous  rocks J 


Deep  alluTia,  with  occasional 
transition,  carboniferous,  gra- 
nitoid,  and  later  igneous  rocks. 


Sea-bottom  resting  on  unknown 
rock   


1     Annual 
Register. 

Annual 
'  Register. 

Annual 
Register. 

Itier  &  Perreyi 
Mem.  Dijon. 


Royal 
Asiat.  Joura. 


1       Royal 
I  AdatJoan. 


NanHcal 
Magasine. 


It  seems  highly  probable  that  future  instrumental  determinations  of  the 
rates  of  natural  earthquake-vaves  will  show  that — 

1.  In  cases  where  the  line  of  movement  of  the  wave  is  not  far  from  vertical, 
occurring  in  hard  crystalline  and  very  solid  rock  of  one  sort^  and  having  an 
origin  at  a  considerable  depth,  the  rate  of  wave  transit  will  approximate  nearly 
to  that  of  a  normal  wave  due  to  the  modulus  of  the  formation,  the  rate  of  the 
wave  being  also  probably  affected  by  the  limits  of  the  mass  in  which  it  moves. 

2.  That  in  every  superficial  rock  formation,  as  being  all  more  or  less 
shattered  and  none  homogeneous,  and  in  any  given  extensive  range  several 
different  formations  intervening,  the  rate  of  transit  will  be  found  probably 
seldom  or  never  to  approach  the  preceding  velocity. 

3.  While  in  discontinuous  media,  such  as  sand,  gravel,  diluvial  clays,  mud, 
&c^  the  rate  of  transit  will  be  the  slowest  of  all,  although  for  reasons  given 
in  the  former  Report,  the  destructive  effects  of  the  wave  in  such  materials  may 
be  greater  than  in  any  other. 

It  follows,  from  the  conclusions  that  we  have  so  far  arrived  at,  that  while 
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experiments  in  the  closet  to  ascertain  the  moduli  of  elasticity  of  various  rocks 
or  other  mineral  masses  cannot  but  be  of  great  interest  and  value  to 
science,  they  will  be  of  less  direct  importance  to  seismology  than  was  at 
first  anticipated,  and  that  no  determinations  of  the  transit  rate  of  earthquake 
waves  can  be  made  in  a  trustworthy  manner,  except — 1st,  by  multiplying  ex* 
periments  in  various  rocks  or  discontinuous  formations  of  different  d^rees 
of  heterogeneity  and  homogeneity,  by  the  method  described  in  the  preceding 
pages,  by  that  of  MM.  Wertheim  and  Breguet,  which  is  applicable  in  some 
instances  with  great  advantage  and  convenience,  or  by  some  other  which  may 
be  devised ;  and  2nd,  by  actual  instrumental  determinations  of  the  rate  of 
earthquake- waves  as  they  occur  in  nature :  this  can  only  be  done  by  self-re- 
gistering instruments  such  as  that  at  present  attempted  to  be  constructed. 

It  is  scarcely  necessary  further  to  revert  to  the  deep  interest  that  attaches 
to  such  researches,  affording,  as  they  do,  the  most  direct  and  likely  means  of 
acquiring  some  information  as  to  the — 

1.  Depth  below  the  surface  of  the  great  seats  of  volcanic  action,  and  their 
identity  or  not,  in  position  and  nature,  with  the  great  forces  of  elevation. 

2.  Depth  of  the  solid  crust  of  the  earth. 
S.  Nature  of  the  great  oceanic  beds. 

To  the  following  gentlemen  my  especial  thanks  are  due  for  aid  rendered 
to  me  and  to  my  son  William,  who  assisted  throughout  in  these  experiments. 
To  Sir  John  F.  Burgoyne,  K.C.B.,  the  Master-General,  and  the  respective 
Officers  of  Ordnance ;  to  Dr.  Robinson,  for  the  kindest  interest  and  encou- 
ragement and  much  valuable  suggestion  and  information ;  to  Professor 
Wheatstone,  for  tlie  use  of  his  chronograph  and  communication  of  his  expe- 
rience as  to  the  best  modes  of  bringing  it  into  use ;  to  the  Directors  of  the 
Dublin  and  Kingstown  Railway,  for  the  use  of  the  telegraph  wires  at  Dalkey ; 
and  their  officer  Mr.  Bergin,  for  the  loan  of  his  galvanic  batteries ;  to  Pro- 
fessor Downing,  for  aid  in  the  admeasurement  of  the  first  base  line ;  and  to 
Barry  D.  Gibbons,  Esq.,  C.E.  and  M.  B.  MuUins,  Esq.,  Contractor  of  Kings- 
town Harbour,  for  assistance  in  the  operations  upon  the  granite ;  with  others, 
whose  assistance,  if  less  defined,  was  highly  important. 


I  now  proceed  to  the  EARTHQUAKE  CATALOGUE,  and  the  re- 
sults obtained  by  its  discussion. 

Of  the  Construction  of  the  Catalogue, 

Former  partial  catalogues,  more  especially  those  of  Von  Hoff,  Cotte, 
Hoffman,  Merian,  and  Perrey,  have  formed  the  basis  of  the  present,  as  I  be^ 
lieve  first  attempt  to  complete  a  catalogue  that  shall  embrace  all  recorded 
earthquakes.  By  the  first  and  last  of  the  preceding  authors  our  labours  have 
been  most  lightened.  In  Von  Hoff*s  Catalogue  (Gesch.  d.  Verand.  &c.  vol.  iii.) 
a  total  break  occurs  from  the  year  1806  to  1820  inclusive,  and  it  ends  with  18S2. 
M.  Perrey's  numerous  and  valuable  local  catalogues  are  scattered  through  va- 
rious foreign  journals ;  he  has  latterly  produced  and  still  continues  to  publish 
a  current  annual  catalogue,  for  which  he  is  anxious  to  receive  contributions 
from  observers  of  intelligence  situated  in  all  parts  of  the  world,  addressed  to 
him  at  Dijon.  Besides  the  above  and  some  minor  catalogues,  our  work  has 
been  compiled  from  multitudes  of  scattered  sources,  collected  in  foreign  and  in 
British  libraries,  the  accessions  from  which  have  at  least  amounted  to  as  much 
as  from  all  prior  catalogues. 

Notwithstanding  much  labour  and  time,  it  is  not  for  a  moment  to  be  as- 
sumed that  the  present  catalogue  is  complete,  that  it  embraces  all  known 
reeordf  of  earthquakes;  such  a  work  would  probably  be  impracticable;  in 
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any  case  it  would  involve  the  associated  labour  of  several  persons  for  many 
years  to  produce.  But  the  number  of  instances  now  catalogued  is  so  largOy 
and  the  mode  of  collection  and  arrangement  such,  that  I  believe  science 
would  derive  no  very  material  or  proportionate  advantage  from  the  bestowal 
of  much  uiore  time  and  labour  to  increase  it 

The  hiue  of  induction  now  produced  embraces  between  5000  and  6000 
separate  earthquakes,  and  as  this  is  the  main  use  of  an  extended  catalogoei 
if  that  number  be  deemed  sufficient,  the  object  is  answered,  although  some  or 
even  many  recorded  earthquakes  within  our  period  had  remained  unadded  to 
the  list  That  some  might  be  so  added  I  doubt  not  It  is  possible  that  many 
trustworthy  records  of  these  events  exist  in  Russia,  as  respects  the  north-weal 
of  North  America  and  Northern  Asia.  In  Central  and  Northern  India  such 
may  also  be  found ;  while  there  is  little  doubt  that  in  the  ancient  libraries  of 
the  Levantine  monasteries,  and  in  those  of  Spain  and  Portugal,  a  rich  mine 
of  such  information  remains  yet  unexplored,  to  which  we  had  no  access. 
For  other  portions  of  the  inhabited  earth's  surface,  records  are  almost  or 
altogether  wanting.  Of  these  the  most  important  and  interesting  are,  Mada- 
gascar, and  the  interior,  indeed  the  whole,  of  Africa  including  Abyssinia, 
except  its  northern  coast  and  the  Cape  of  Good  Hope,  Greenland  and  La- 
brador, Northern  and  Eastern  Asia,  Northern  Australia,  and  the  Pacific 
Islands  generally. 

The  constructors  of  former  catalogues  have  usually  been  at  no  pains  to 
make  any  systematic  arrangement  of  their  materials ;  each  is  a  mere  chroniole 
of  events,  in  partial  sequence  of  date,  but  otherwise  mixed  with  such  disre* 
gard  of  order  or  relative  importance,  that  reference  to  any  special  class  of 
phsenomena,  except  by  exhausting  it  from  the  mass  by  reading  it  all  througbt 
was  impossible. 

The  succeeding  catalogue  aims  at  a  tabular  arrangement,  in  which  the 
more  important  elements  of  earthquake  facts  are  placed  in  separate  eolumna 
for  each  instance,  and  thus  reference  facilitated.  The  catalogue  is  divided 
into  six  columns,  embracing — 

1.  The  date  and  time,  as  nearly  as  recorded. 

2.  The  locality  or  place  of  occurrence. 

8.  The  direction,  duration,  and  number  of  shocks  in  each  case^  so  &r  as 
these  are  recorded. 

4.  Phsenomena  connected  with  the  sea ;  great  sea  or  other  waves,  tides,  &c. 

5.  Phsenomena  belonging  to  the  land;  meteorological  phsenomena  pre- 
ceding and  succeeding,  and  all  secondary  phsenomena.  This  embraces  all 
those  minor  although  occasionally  important  facts,  that  are  mixed  in  earth- 
quake narratives  with  the  principal  facts,  which  we  might  call  the  **  elements 
of  the  earthquake,'*  as  here  comprised  in  our  first  three  columns. 

6.  The  authority  for  the  record. 

Many  of  the  dates  in  the  earliest  periods  of  the  catalogue  and  up  to  about 
Ajx  1000,  are  extremely  doubtful ;  on  collating  separate  authorities  for  the 
same  earthquake,  even  at  much  later  periods,  and  in  cases  of  occurreaoea 
the  most  remarkable,  and  one  would  suppose  well  known,  the  discrepanciea 
that  are  found  are  marvellous. 

The  dates  of  the  eighteenth  century  have  not  been  attempted  to  be  altered 
to  new  or  old  style,  but  in  each  case,  as  far  as  possible^  the  style  (old  or  new) 
as  mentioned  by  the  original  author  is  given ;  very  many  of  the  dates  are 
given  however  by  nan:iitors  of  this  period  without  any  intimation  of  whether 
Uiey  refer  to  old  or  new  style. 

The  time  of  day  is  not  often  given  in  a  reliable  form.    In  times  and  eoun* 
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tries  under  the  Romish  ohurch  it  is  often  given  in  such  vague  form  as  *^  at 
vespers,"  **  after  the  morning  mass/'  &c. 

The  locality  is  the  recorded  place  of  occurrence,  but  it  is  obvious  that  in 
most  cases  many  other  places  were  also  more  or  less  entitled  to  be  recorded 
as  shaken  I  the  place  set  down  however  has  been,  in  the  vast  majority  of  in- 
stances, either  the  most  violently  affected,  or  one  of  them;  and>  at  least  in  the 
absence  of  better  information,  must  be  viewed,  unless  otherwise  stated)  as 
about  the  centre  of  dbturbance.    ^ 

The  direction,  duration,  and  number  of  shocks,  are  seldom  given ;  the 
scanty  records  of  those  most  important  elements  best  show  how  much  we 
must  expect  yet  from  future  observations  aided  by  instruments.  Duration 
also  is  ofbn  given  in  the  middle  ages  in  a  strange  and  loose  form,  as  in  such 
phrases  as  *'  during  one  Credo,"  or  *'  while  saying  the  Ave/' 

In  recording  the  phenomena  belonging  to  the  sea  and  to  the  land  deemed 
worthy  of  notice,  it  may  be  remarked — 

Effects  (secondary  phasnomena)  are  only  given,  either  as  measures  of  the 
violence  of  the  shock,  or  as  presenting  some  fact  likely  to  be  of  importance 
in  earthquake  dynamics. 

All  phasnomena  recorded  as  having  possibly  been  due  to  earthquakes,  of 
which  there  are  many,  even  in  the  catalogues  of  Von  Hoff  and  Perrey,  such 
as  landslips,  abnormal  tides,  &c^  are  omitted,  unless  there  exist  some  good 
reason  (such  as  an  earthquake  occurring  at  the  same  or  nearly  the  time  in  some 
Other  part  of  the  world)  to  suppose  a  real  connection  with  seismic  causes. 
And  in  selecting  the  pbs^nomena  recorded,  choice  has  been  made  of  those  of 
most  soientiiic  importance,  rather  than  those  most  curious  to  the  mere  general 
reader. 

Wherever  opportunity  was  had  of  consulting  the  original  author  or  authors, 
it  has  been  endeavoured  not  to  mention  subsequently  as  an  authority  any 
mere  copyist  from  such  original.  It  is  to  be  regretted  that  in  some  other 
catalogues  this  has  not  been  attended  to,  and  hence  an  event  often  appears 
to  be  supported  by  a  number  of  independent  authorities,  that,  upon  research, 
all  resolve  themselves  into  copiers  from  one  amongst  them.  Where  there 
are  various  accounts  of  the  same  event  bv  different  authors,  attention  has 
been  directed  in  choosing  amongst  them ;  first  of  all,  to  the  proximity  of  the 
recorder  both  in  time  and  in  place,  to  the  event,  taking  also  into  account  the 
general  standard  of  authority  or  credibility  of  his  works,  as  far  as  known 
to  us,  and  also  the  number  of  Independent  concurrent  testimonies  to  the 
event  in  more  important  cases.  Where,  as  is  often  the  case  in  older  records, 
the  same  historian  is  quoted  indifferently  under  two  or  more  names,  one 
name  or  title  has  been  adhered  to  invariably.  For  example,  Abulfaradsch 
and  Bar  Hebrseus  are  two  names  for  the  same  historian  used  indifferently  by 
Von  Hoff. 

Some  of  the  very  early  authors,  such  as  Julius  Obsequens,  and  many  of 
those  about  the  decline  of  the  eastern  empire,  appear,  at  least  as  regards  our 
subject,  of  very  doubtful  authority,  and  it  is  scarcely  necessary  to  say  that 
the  same  remark  may  apply  to  many  records  of  Chinese  and  Japanese  earth- 
quakes. The  records  multiply  in  number  and  increase  in  accuracy  and  au- 
thority as  we  pass  down  the  stream  of  time ;  and  within  the  last  200  years  is 
embraced  a  mass  of  earthquake  incident,  probably  from  these  causes,  equal 
in  scientific  value  to  the  whole  of  the  preceding  parts  of  the  catalogue. 

The  influence  of  commerce  and  navigation  in  modern  times  upon  obser- 
vational science,  and  of  the  disenthralment  of  mankind,  in  Europe  at  least, 
Arom  much  of  the  superstition  and  tyranny  of  the  middle  ages,  could  scarcely 
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be  more  strikingly  shown  than  by  the  curves  produced  from  the  disciusioa 
of  the  present  catalogue  refen*ed  to  hereafter. 

Where  the  volume  and  pa^e  of  an  author  are  not  quoted,  the  event  will 
be  found  in  its  chronological  order  in  the  note  referred  to. 

Where  access  to  the  original  work  has  been  impossible,  and  we  have 
merely  quoted  from  some  other  compiler  or  narrator,  we  are  only  responsible 
for  having  accurately  transcribed ;  our  experience  seems  to  show  that  other 
transcribers  have  usually  been  very  accurate. 

In  the  characteristic  expressions  used  in  the  fourth  and  fifth  columns^  and 
transcribed  from  other  authors,  they  must  be  taken  with  reference  to  deffne^ 
as  only  giving  the  author's  own  opinion  of  the  fact,  whatever  it  may  be,  and 
such  expressions  are  often  extremely  difficult,  either  to  attach  a  true  value 
to  or  compare  together.  Thus  such  phrases  as  **  violent,"  "  very  violent,'' 
depend  much  for  their  import  upon  where  and  by  whom  they  were  used. 
An  earthquake  described  as  *'  very  violent"  by  an  inhabitant  of  Norway  or 
of  Great  Britain,  might  seem  but  a  very  slight  and  insignificant  affair  to  a 
dweller  at  Lima  or  Quito,  though  both  were  equally  discreet  and  trustworthy 
observers. 

There  has  been  also  experienced  much  difficulty  in  some  cases  of  long- 
continued  vibratory  jars  at  a  given  locality,  such  as  those  of  B^e,  Eak 
Haddam  and  Comrie,  &c.,  in  deciding  whether  one  such  epoch  was  to  be  re* 
cognised  as  one  earthquake,  or  as  more  than  one. 

Any  further  observations  however  will  be  best  reserved  for  the  condusion 
of  the  catalogue,  when  referring  to  the  discussion  by  curves  of  the  distribution 
of  earthquakes  in  time,  and  by  the  large  map  of  their  distribution  in  space. 


Letter  from  Professor  Henry^  Secretary  of  the  Smithsonian  InatUW' 

tion  at  Washinffton,  to  Colonel  Sabine,  General  Secretary  of  the 

British  Association^  on  the  System  of  Meteorological  Observations 

proposed  to  be  established  in  the  United  States. 

Smithsonisn  Institntion, 
Washington,  March  22, 1851. 

Dear  Sir, — The  meteorological  system  in  the  process  of  being  established 
in  the  United  States,  is  intended  to  embrace  as  far  as  possible  the  whole  area 
of  the  North  American  continent,  including  the  Isthmus  of  Central  America, 
the  West  India  Islands,  Bermuda,  and  Newfoundland. 

It  is  to  consist  of  three  classes  of  observers : — 

I.  Those  without  instruments,  to  record — 

1.  The  changes  in  the  aspect  of  the  sky. 

2.  The  direction  and  approximate  force  of  the  wind  and  the  time  of 

its  changes. 
S.  The  beginning  and  ending  of  rain,  snow,  &c. 

4.  The  appearance  of  the  Aurora  Borealis. 

5.  The  time  and  direction  of  approach,  and  other  phaenomena  of 

thunder-storms. 

6.  The  registration  of  phaenomena  relative  to  plants  and  animals, 

such  as  the  first  appearance  of  leaves  and  of  flowers  in  plants ; 
the  dates  of  appearance  and  disappearance  of  migratory  or  hy- 
bernating  animals,  as  Mammalia,  Birds,  Reptiles,  fishes, Insects, 
&c ;  the  times  of  nesting  of  Birds,  of  moulting,  and  littering  of 
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Mammalia,  of  utterance  of  characteristic  cries  among  Reptiles 
and  ItaectBy  and  anything  ebe  which  may  be  deemed  note- 
worthy. 
IL  To  record,  in  addition  to  the  foregoing,  the  changes  of  atmospheric 
temperature  as  indicated  by  a  standard  thermometer. 

III.  This  class  to  be  fumbhed  with  a  full  set  of  instruments  for  recording 
all  the  changes  deemed  important  in  the  study  of  meteorology,  exclusive  of 
m^netism. 

To  carry  on  this  system,  the  Institution  has  received,  or  expects  to  receive^ 
cooperation  from  the  following  resources : — 

1.  From  the  small  appropriation  made  by  Congress  to  be  expended  under 
the  direction  of  this  Institution  and  the  Navy  department  conjointly. 

2.  From  the  appropriations  made  by  different  States  of  the  Union. 

S.  From  the  observations  made  under  the  direction  of  the  Medical  depart^ 
ment  of  the  U.S.  Army. 

4.  From  observations  made  by  institutions  and  individuals  on  different  parts 
of  the  Continent,  who  report  immediately  to  the  Smithsonian  Institution. 

5.  From  officers  of  Her  Britannic  Majesty's  Service  in  different  parts  of 
the  British  Possessions  in  North  America. 

The  following  is  an  account  of  what  has  been  actually  accomplished,  ex- 
tracted from  the  last  Report  of  the  Regents  of  the  Smithsonian  Institution  to 
Congress. 

^  A  small  appropriation  has  been  made  by  Congress  for  two  years  past,  to 
be  expended  under  the  direction  of  the  Navy  department,  for  meteorological 
purposes,  and  Professor  Espy,  engaged  under  the  Act  authorizing  this  appro- 
priation, has  been  directed  to  cooperate  with  the  Institution  in  the  promotion 
of  the  common  object  Besides  the  aid  which  we  have  received  from  the  know- 
ledge of  Professor  Espy  on  this  subject,  the  general  system  has  been  benefited 
from  that  source  by  the  use  of  instruments  purchased  by  the  surplus  of  the 
appropriation,  after  paying  the  salary  of  Professor  Espy,  and  other  expenses. 

**  During  the  last  year  Mr.  Espy  has  been  engaged  in  a  series  of  interesting 
and  valuable  experiments  on  the  change  of  temperature  produced  by  a 
sudden  change  in  the  density  of  the  air.  The  results  which  he  has  obtained 
are  interesting  to  science  in  general,  and  directly  applicable  to  meteorology. 

*^  These  experiments  were  all  made  in  one  of  the  rooms  of  the  Smithsonian 
Institution,  and  with  articles  of  apparatus  belonging  to  the  collection  which 
constituted  the  liberal  donation  of  Dr.  Hare  of  Philmielphia.  An  account  of 
these  experiments  will  be  given  to  the  Secretary  of  the  Navy  in  Mr.  Espy's 
report 

^*  It  was  mentioned  in  the  last  report,  that  the  regents  of  the  University  of 
the  State  of  New  York  in  184'9,  made  a  liberal  appropriation  of  funds  for 
the  reorganization  of  the  meteorological  system  of  observations  established 
in  1825,  and  that  Dr.  T.  Romeyn  Beck,  and  the  Hon.  Gideon  Hawley,  to 
whom  the  enterprise  was  entrusted,  had  adopted  the  instruments  prepared 
under  the  direction  of  the  Smithsonian  Institution.  Another  appropriation 
has  been  made  for  1850>  and  the  system  has  been  carried  during  the  last 
year  into  successful  operation  by  Professor  Guyot,  late  of  Neufchatel  in 
Switzerland.  This  gentleman,  who  has  established  a  wide  reputation  as  a 
meteorological  observer  by  his  labours  in  his  own  country,  was  recommended 
to  Dr«  Beck  and  Mr.  Hawley  by  this  Institution,  and  employed  by  them  to 
superintend  the  fitting  up'^of  the  instruments,  to  instruct  the  observers  in  the 
minute  details  of  their  duty,  and  to  determine  the  topographical  chai*acter9 
and  elevation  above  the  sea,  of  each  station. 

"  The  whole  number  of  stations  which  have  been  established  in  the  State 
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of  New  York  is  thirty-eight,  including  those  which  have  been  furnished  with 
instruments  by  the  Smithsonian  Institution,  and  the  Adirondac  station  by 
the  liberality  of  Archibald  M^Intyre  Esq.  of  Albany.  This  number  gi?es 
one  station  to  1270  square  miles,  or  about  one  in  each  square  of  about  SH 
miles  on  a  side.  These  stations  are  at  very  different  heights  from  the  level 
of  the  sea,  up  to  2000  feet.  They  were  selected  in  conference  with  Dr.  Beck, 
Professor  Guyot,  and  myself.  The  State  is  naturally  divided  into  the  follow« 
ing  topographical  regions,  namely : — 

"  1.  Southern,  or  maritime  region. 

'<  2.  Eastern,  or  region  of  the  Highlands,  and  Catskill  mountains,  with  the 
valleys  of  the  Hudson  and  Mohawk  rivers, 

**  3.  The  northern,  or  region  of  the  Adirondac  mountains,  isolated  by  the 
deep  valleys  of  the  Mohawk,  Lake  Champlain,  St.  Lawrence,  and  Lake 
Ontario. 

**  4.  The  western,  or  region  of  the  western  plateau,  with  the  small  lakes, 
and  sources  of  the  rivers.  ' 

<^  5.  The  regions  of  the  great  Lakes  Erie  and  Ontario. 

**  We  regret  to  state  that  no  efficient  steps  have  as  yet  been  taken  to  organize 
the  system  of  Massachusetts,  for  which  an  appropriation  was  made  by  the 
legislature  at  its  last  session.  I  have  lately  written  to  Governor  Briggs 
urging  immediate  action,  and  offering  on  the  part  of  the  Institution  to  render 
any  assistance  in  our  power  towards  furthering  so  laudable  an  enterpriflCi 
Vo  answer  has  yet  been  received*. 

**  The  observations  made  at  the  different  military  stations,  under  the  dires- 
tion  of  the  Medical  department  of  the  U.S.  Army,  have  been  partially  re- 
organized, and  a  number  of  new  stations,  and  several  of  the  old  onei, 
furnished  with  the  improved  instruments  made  under  the  direction  of  this 
institution. 

**  The  head  of  the  Medical  department  of  the  Army,  Dr.  Lawson,  hai 
assigned  the  general  direction  of  the  system  of  observations  to  Dr.  Morrer 
of  New  York,  to  whom  we  are  indebted  for  the  valuable  aid  which  this  ex- 
tended set  of  observations  will  furnish  the  general  system.  The  immediats 
superintendence  of  the  reduction  of  these  observations  is  in  charge  of  Dr. 
A.  S.  Wotherspoon,  U.S.A.,  to  whose  zeal  and  scientific  abilities  the  oaoss 
of  meteorology  bids  fair  to  be  much  indebted, 

'<  The  most  important  service  the  Smithsonian  Institution  has  rendered  to 
meteorology  during  the  past  year,  has  been  the  general  introduction  into 
the  country  of  a  more  accurate  set  of  instruments  at  a  reasonable  price.  It 
has  been  enabled  to  effect  this  through  the  aid  of  Professor  Guyot  The  set 
consists  of  a  barometer,  thermometer,  hygrometer,  wind-vane,  and  snow  and 
lain-gauge. 

**  The  barometer  is  made  by  James  Green,  No.  422  Broadway,  New  York, 
under  the  direction  of  the  Institution.  It  has  a  glass  cistern,  with  an  ad- 
justable  bottom  enclosed  in  a  brass  cylinder.  The  barometer  tube  is  alio 
enclosed  in  a  brass  cylinder  which  carries  the  Vernier ;  the  whole  is  suspended 
freely  from  a  ring  at  the  top,  so  as  to  adjust  itself  to  the  vertical  position. 
The  bulb  of  the  attached  thermometer  is  inclosed  in  a  brass  envelope^  com- 
municating with  the  interior  of  the  brass  tube,  so  as  to  be  in  the  same  conditioa 
with  the  mercury,  and  to  indicate  truly  its  temperature.  Each  instrument  made 
according  to  this  pattern  is  numbered  and  accurately  compared  with  a  standard* 
In  the  comparisons  made  by  Professor  Guyot,  a  standard  Fortin  barometer, 

*  Sinc^  the  aboye  was  written,  a  communication  has  been  recdved  from  the  GoTenor  of 
Massachusetts,  placing  the  organization  of  its  system  of  meteordogy  mider  the  direetioB  of 
tha  Smithsoniaa  lastitiitiOB. 
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made  by  Ernst  of  Paris,  was  used,  and  also  a  standard  English  barometer  by 
Newman  of  London,  belonging  to  this  Institution.  These  instrumentSi  for 
greater  oertainty.  have  been  compared  with  the  standard  of  Cambridge 
Observatory,  and  of  Columbia  College,  both  by  Newman,  and  with  the 
standard  of  the  observatory  of  Toronto.  Canada  West.  The  results  of  these 
examinations  prove  the  barometers  made  by  Mr.  Green,  according  to  the 
plan  adopted  by  the  Smithsonian  Institution,  to  be  trustworthy  instruments. 
The  thermometers  are  by  the  same  maker,  and  those  intended  for  the  State 
of  New  York  were  eompared  with  a  standard  by  Bunten  of  Paris,  and 
another  by  Troughton  and  Simms  of  London.  Those  found  to  differ  more 
than  a  given  quantity  from  the  standard  were  rejected. 

**  The  instruments  for  detecting  the  variation  of  the  hygrometrical  condition 
of  the  atmosphere  consists  of  two  thermometers  of  the  same  dimensions  ao- 
Durately  graduated.  The  bulb  of  one  of  these  is  enveloped  in  a  covering  of 
muslin  and  moistened  with  water,  and  that  of  the  other  is  naked. 

**  The  rain  and  snow-gauges,'and  also  the  wind-vanes,  are  made  under  the 
direction  of- this  Institution  by  Memrs.  Bei\j.  Pike  and  Son,  166  Broadway, 
New  York.  The  rain-gikuge  is  an  inverted  cone  of  sheet  zinc,  of  which  the 
area  of  the  base  is  exactly  100  square  inches.  This  cone  or  funnel  ter- 
minates in  a  tube  which  carries  the  water  into  a  receiving  vessel  until  the 
wA  of  the  rain.  The  water  which  has  fallen  is  measured  by  pouring  it  into 
A  cylinder  so  graduated  as  to  indicate  hundredths  of  inches  of  rain.  A 
smaller  cylinder  is  also  provided  which  gives  the  thousandths  of  inches  of 
lain,  and  may  serve  in  case  of  accident  as  a  substitute  for  the  larger  cylinder. 
The  rain*gauge  is  placed  in  a  cask  sunk  in  the  earth  with  its  mouth  near  the 
level  of  the  ground. 

'^Thenmow  gauge  is  a  cylinder  of  vine  of  the  same  diameter  as  the  mouth 
of  the  iBintgauge.  The  measurement  is  made  by  pressing  it  mouth  down- 
ward to  the  bottom  of  the  snow  where  it  has  fallen  on  a  level  surface,  and  then 
carefully  inverting  it,  retaining  the  snow  by  passing  under  it  a  thin  plate  of 
metal.  The  snow  is  afterwards  melted,  and  the  water  produced  is  measuiad 
in  one  of  the  glass  graduated  cylinders  of  the  rain-gauge. 

*'  The  windovane  is  a  thin  sheet  of  metal  (it  might  be  of  wood)  about  three 
feet  long,  oarefUlly  balanced  by  a  ball  of  lead,  and  supported  on  the  top  of  a 
long  wooden  rod,  which  descends  along  the  wall  of  the  building  to  the  sill  of 
^  the  window  of  the  observer.  It  terminates  in  the  centre  of  a  iixed  dial  plate, 
and  indicates  in  its  movements  the  direotion  of  the  wind  by  a  pointer  at- 
tached to  the  rod. 

^^  The  observer  is  by  this  arrangement  enabled  to  determine  the  course  of 
ihe  wind  by  looking  down  on  the  dial  plate  through  the  glass  of  the  window, 
without  exposing  himself  to  the  storm. 

*^  Besides  the  full  sets  of  instruments  furnished  by  the  State  of  New  York 
from  the  appropriation  of  the  Regents  of  the  University,  the  Smithsonian  In- 
stitution has  furnished  a  number  of  sets  to  important  stations ;  and  in  order 
that  the  instruments  may  be  more  widely  disseminated,  have  directed  Mr* 
Green  to  dispose  of  sets  to  individuals  at  a  reduced  price,  on  condition  that 
they  will  give  copies  of  the  results  of  their  observations ;  the  remainder  of 
their  cost  being  paid  by  this  Institution,  A  number  of  persons  have  availed 
themselves  of  this  privilege. 

<<  To  aceompany  the  instruments,  and  for  the  use  of  those  who  take  part  in 
the  Smithsonian  system  of  meteorological  observations,  a  series  of  minute 
directions,  prepared  by  Professor  Guyot,  has  been  printed  by  us,  occupyiujg 
forty  octavo  pages,  with  woodcut  representations  of  the  instruments.  This 
is  accompanied  by  two  lithographic  engravings  to  illustrate  the  different 
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forms  of  clouds  and  to  facilitate  their  notation  on  the  journal,  in  accordance 
with  the  nomenclature  adopted  by  meteorologists. 

'*The  following  collection  of  tables,  to  be  used  in  reducing  the  observadons, 
has  been  prepar^  by  Professor  Guyot  at  the  expense  of  the  Institution : — 

Thermometrical  Tables. 

Barometrical  „ 

Hygrometrical       „ 

Hypsometrical  „ 
**  Besides  these  it  is  proposed  to  furnish  a  set  of  tables  for  determining 
heights  by  means  of  the  barometer.  We  may  also  mention,  in  connexion 
with  this  subject,  that  a  series  of  preliminary  experiments  have  been  made  in 
the  laboratory  of  this  Institution  for  the  purpose  of  constructing  from  direct 
observation  a  scale  of  boiling  temperatures  corresponding  to  different  degrees 
of  rarefaction  of  the  air.  With  a  thermometer,  each  degree  of  which  occu- 
pies one  inch  in  length  of  the  scale,  the  variations  of  the  boiling  corresponding 
to  a  slight  change  in  altitude  are  found  to  b^  more  perceptible  than  those  of 
variations  in  altitude  of  the  barometrical  column.  A  series  of  experiments 
has  also  been  made  for  testing  the  performance  of  the  aneroid  barometer 
under  extremes  of  atmospheric  pressure*  The  instrument,  however,  has  not 
been  found  from  these  experiments  very  reliable,  though  it  may  serve  as  a 
baryscope  or  an  indicator  of  atmospheric  changes.  It  will  by  no  means 
aerve  for  the  determination  of  atmospheric  pressure,  particularly  when  sab- 
jected  to  ranges  of  considerable  magnitude. 

**  For  the  better  comprehension  of  the  relative  position  of  the  several  peaces 
of  observation  now  embraced  in  our  system  of  meteorology,  an  outline  map 
of  North  America  has  been  constructed  by  Dr.  Foreman.  This  map  is  in- 
tended also  to  be  used  for  presenting  the  successive  phases  of  the  sky  over 
the  whole  country  as  far  as  reported  to  us  at  different  epochs,  and  we  have 
been  waiting  for  its  completion  by  the  engraver  to  commence  a  series  of 
investigations  with  the  materials  now  on  hand  relative  to  the  progress  of 
storms. 

**  A  valuable  collection  of  returns  relative  to  the  aurora  has  been  received 
in  accordance  with  the  special  instructions  which  we  have  issued  for  the 
observation  of  this  interesting  phsenomenon.  These  are  to  be  placed  in  the 
hands  of  Capt  Lefroy  of  the  Toronto  Observatory,  and  incorporated  with 
observations  of  a  similar  kind  which  he  has  collected  in  the  British  Posses* 
sions  of  North  America.  Abstracts  of  the  whole  series  will  be  presented 
by  Capt.  Lefroy,  to  be  published  in  the  Smithsonian  *  Contributions  to 
Knowledge.' 

**  The  whole  number  of  observers  on  which  we  may  now  depend,  including 
those  of  all  classes,  is  about  200 ;  these  are,  however,  very  irregularly  distri- 
buted over  the  face  of  the  country.  By  far  the  greater  number  are  in  New 
York  and  New  England.  We  hope,  however,  to  be  enabled  to  enlist  a 
number  of  other  States,  and  to  carry  out  the  plan  more  efficiently  in  behalf 
of  the  Institution  as  soon  as  our  income  will  warrant  a  larger  expenditure  of 
means  for  this  purpose. 

*^  The  number  of  stations  must  be  left  to  yourself*,  and  their  distribution 
had  best  be  determined  by  consultation  with  Capt.  Lefroy.    I  would,  hov- 

*  [This  paragraph  was  written  in  the  belief  entertained  at  the  time  by  Professor  Hei^r 
that  the  cooperation  of  the  British  Government  would  be  asked  to  carry  this  system  of  po- 
■ervation  over  the  whole  of  the  North  American  Continent,  by  establishhtg  coiresponniig 
stations  in  the  British  portion.  It  appears,  however,  by  subsequent  communicatioDS,  w 
this  request  has  been  made,  not  to  the  British  Government,  bat  to  the  Governor  of  the  Ca- 
nadian Provinces.]-*E.  S.,  March  1852. 
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ever,  remark,  that  linoe  it  has  been  found  that  the  winter  storms  travel  east- 
ward, it  would  be  well  to  have  some  observers  in  Nova  Scotia,  Labrador  and 
Newfoundland*  One  at  St  John's,  Newfoundland,  would  be  desirable.  As 
to  the  time  of  commencing,  we  can  scarcely  perhaps  secure  a  perfect  organi- 
zation prior  to  the  beginning  of  1853. 

^'  I  remain,  very  respectfully,  your  friend  and  servant, 

"  Joseph  Henry,  Secretary** 
Col  E,  Sabine. 


Beport  on  tke  Kew  Magnetographs.    By  Colonel  Sabine^  R.A. 

At  the  request  of  tlie  Council  Colonel  Sabine  gave  a  brief  account  of  the 
experimental  trial  now  making  at  the  Kew  Observatory  of  Mr.  Ronalds's 
Instruments  for  the  self-registry  of  the  Variations  of  Terrestrial  Magnet- 
ism by  means  of  Photography. 

The  general  principle  of  these  instruments  and  their  mechanical  details 
have  been  already  described^t  former  Meetings,  and  have  been  printed  in 
the  Reports  of  the  Association.  But  until  in^itruments  have  been  tested  by 
actual  performance,  no  certain  opinion  of  their  fitness  for  the  purposes  for 
which  they  were  designed  can  be  confidently  pronounced ;  and  the  super- 
intending Committee  at  Kew  have  for  some  time  past  felt  a  rather  anxious 
desire,  that  the  preparation  of  these  instruments  should  reach  the  stage  at 
which  a  fair  practical  trial  might  be  made  of  their  efficiency,  as  a  means  of 
recording  the  magnetic  pha^nomena  in  any  part  of  the  world  where  science 
might  require  that  they  should  be  known.  Before  this  could  be  done  how- 
ever,— before  a  correct  estimate  could  be  formed  of  the  degree  in  which 
they  might  be  useful,  either  as  auxiliaries,  or  as  superseding  the  method  of 
chiervaium  previously  in  use,  it  was  necessary  that  three  instruments  should 
be  provided,  one  for  the  variations  of  the  declination,  and  two  for  those  of 
the  horizontal  and  vertical  components  of  the  force.  From  the  limited  funds 
which  the  British  Association  has  had  it  in  its  power  to  appropriate  to  the 
furtherance  of  the  objects  of  the  Kew  Observatory,  it  had  been  just  barely 
possible  to  complete  two  of  the  three  instruments  between  the  years  1846 
and  1850,  and  the  third  must  yet  have  been  waited  for,  had  not  a  resource 
presented  itself  in  the  Government  grant  in  1850  placed  at  the  disposal  of 
the  President  and  Council  of  the  Royal  Society,  to  be  applied  in  aiding  the 
progress  of  the  experimental  sciences.  A  portion  of  this  grant  was  obtained, 
and  the  three  instruments  being  at  length  by  its  aid  completed,  Mr.  Ronalds, 
with  the  sanction  of  the  superintending  Committee,  proposed  to  tlie  Council 
of  the  Royal  Society  that  the  instruments  should  be  subjected  to  an  experi- 
mental trial  by  being  worked  precisely  as  in  an  observatory,  for  a  period  of 
six  months  (that  period  being  considered  as  likely  to  be  sufficient  for  a  due 
appreciation  of  their  merits  or  deficiencies  in  reference  to  the  present  re- 
quirements of  magnetical  science) ;  and  that  every  %bm  of  expense  incurred 
in  carrying  on  the  self-registry  for  that  period  should  be  carefully  noted  and 
stated.  This  proposition  having  been  approved  by  the  Council  of  the  Royal 
Society,  a  grant  of  £100,  for  the  purpose  of  carrying  it  into  execution,  was 
made  to  Mr.  Ronalds  from  the  donation  fund,  the  property  of  the  Royal 
Society.  The  six  months'  trial  commenced  in  April  last,  and  a  full  account 
of  its  results  will  be  presented  to  the  Royal  Society ;  meantime.the  Council 
of  the  British  Association  have  deemed  that  a  brief  account  of  the  nature 
of  die  trial  might  not  be  unacceptable  to  its  members. 
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The  magnetic  variations  aire  recorded  by  Mr«  RoOalda'a  inatrutnente  either 
on  silvered  plates  or  on  prepared  paper.  The  silvered  plates  are  supposed 
to  have  the  advantages  of  greater  sensibility  to  the  impressions  of  lighti  and 
of  requiring  in  consequence  a  less  time  of  exposure  to  the  light,  so  that 
movements  of  a  more  rapid  character  or  of  more  transient  duration  may  be 
recorded  by  them ; — and  also  of  producing  more  sharply  defined  traces,  and 
of  being  free  from  the  defects  occasioned  by  the  inequalities  of  surface  to  which 
paper  is  subject,  and  by  those  caused  by  the  stretching  and  shrinking  of 
paper  when  moistened  and  when  dry.  The  paper,  on  the  other  hand,  is  sup- 
posed to  have  an  advantage  in  the  circumstance  that  the  actual  traces  them- 
selves can  be  preserved)  whereas  the  preservation  of  the  original  traces  made 
on  the  plates  would  be  out  of  the  question  on  account  of  the  expense,  ex« 
cept  on  very  particular  occasions.  Towards  a  just  appreciation  of  the  prefer- 
ence due  to  the  plates  or  to  the  paper  in  this  application  of  Photometry,  it 
is  necessary  to  take  into  the  account  the  practical  purposes  for  which  the 
record  is  obtained  and  has  to  be  employed.  The  mere  inspection  of  the 
trace,  as  shown  either  on  the  plate  or  on  paper,  no  doubt,  posseases  an  in- 
terest both  to  the  uninstructed  and  to  those  mere  familiar  with  the  magnetic 
phsenomena  ;  and  it  may  be,  that  aniidst  the  great  variety  of  those  phfieno* 
mena  there  may  be  some  which  may  have  light  thrown  upon  them  by  pecu- 
liarities only  discoverable  by  a  very  close  examination  of  the  trace  itself. 
But  AS  in  astronomy  the  advancement  of  the  science  has  more  particularly 
followed  from  the  combination  of  measuring  apparatus  with  optical  polver, 
6o  in  terrestrial  magnetism  the  analysis  of  the  various  periodical  and  other 
causes,  which  in  their  joint  action  produce  the  variations  which  the  photo* 
graphical  traces  record,  requires  that  the  traces  should  undergo  teMolicn  as 
a  preliminary  step  to  their  practical  application ;  arrangements  for  rapid  and 
exact  tabulation  are  therefore  as  necessary  as  the  photographic. means  of 
making  a  trace*. 

Mr.  Ronalds  has  adopted  for  the  trial  which  is  now  in  progress  the  pha, 
which  as  far  as  can  be  judged  at  present  appears  the  most  advantageousi  of 
taking  the  traces  on  plates^  from  which  they  are  tabulated  with  great  aoea* 
racy  and  with  tolerable  rapidity  by  the  aid  of  ingeniously  contrived  appar 
ratus,  and  when  the  tabulation  is  completed  the  traces  themselves  are  copied 
by  the  hand  with  a  graver's  tool  on  transparent  gelatine  paper,  an  operation 
which  requires  about  a  quarter  of  an  hour  for  each  trace  of  twenty-four 
hours,  and  can  be  done  after  a  little  practice  with  very  considerable  accuracy. 
The  copies  thus  made  are  arranged  in  a  journal  and  preserved.  The  gela- 
tine paper,  which  is  of  French  manufacture,  but  is  easily  obtained  in  London, 
is  found  to  answer  extremely  well  for  the  purpose,  is  durable,  and  bean 
handling  well  \  so  well  indeed  that  impressions  are  freely  taken  on  this  paper 
by  means  of  printer's  ink  and  a  small  press,  from  the  eopies  of  the  trace 
on  gelatine  paper  employed  as  if  it  were  a  metal  plate*  These  impressioos 
are  useful  to  send  by  post  on  days  of  utiusual  disturbance  to  other  obser* 
vatories.  ^ 

*  In  the  application  to  Gofemment  made  in  1845  by  the  President  of  the  Britiih  Awk 
elation  (Sir  John  Henchel)  to  "  encourage  by  specific  pecuniary  rewards  the  impfovement 
of  self-recording  magnetic  and  meteorological  instruments/*  the  following  were  stated  as  the 
reasons  which  had  induced  the  British  Association  to  direct  the  application  to  be  made  t-^ 

1.  *'  The  great  ultimate  saTing  of  time  and  expense  which  would  take  place  ia  obMfti- 
tories  established  for  the  purpose  of  magnetical  and  meteorological  determinations,  if  m^ 
apparatus  were  improved  to  a  degree  admitting  its  indications  to  be  confidently  tnuied  ia 
the  absence  of  an  observer,  and  recorded  in  a  manner  suitable  for  fcientific  use. 

2.  "  The  advantages  which  would  accrue  to  those  sciences  from  continuous  nMSj  d 
then:  phsenomena,  instead  of  obsenrations  taken,  at  at  presetat,  at  interralB  oCtiliis.'' 
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The  tabulation  is  a  far  more  serious  matter  as  regards  the  time  consumed 
in  the  operation.  Where  traces  vary  from  day  to  day  so  much  as  magnetie 
traces  are  liable  to  do,  the  time  reauired  in  tabulation  must  also  be  liable  to 
vary  considerably ;  but  it  is  found  on  a  general  average  by  Mr.  Welsh,  to 
whose  able  and  careful  management  Mr.  Ronalds  has  confided  this  depart- 
oient  of  the  experimental  trial,  that  the  trace  of  each  instrument  in  twenty* 
four  hours  takes  about  three-quarters  of  an  hour  to  measure  and  tabulatei 
both  sides  of  the  trace  being  measured,  and  a  mean  taken  between  them* 
The  extent  to  which  tabulation  is  carried  is  so  calculated  as  to  meet  the  va- 
rious inquiries  for  which  it  is  likely  to  be  required,  and  generally  sjieaking 
to  reproduce  the  trace,  though  not  of  course  perfectly  in  all  cases.  When 
the  processes  of  tabulation  and  copying  are  completed,  the  plate  is  cleaned 
and  is  ready  to  be  used  again. 

Taking  into  account  the  labour  of  the  photographist  and  that  of  the  person 
charged  with  the  operations  that  have  been  just  described,  the  work  of  a 
photographical  magnetic  observatory  in  the  present  state  of  the  apparatus 
can  by  no  means  be  deemed  light ;  but  it  has  the  advantage,  and  it  is  a  great 
one,  of  producing  a  continuous  record. 

The  plates  are  prepared  and  changed  once  in  every  twenty-four  hours ; 
the  length  of  the  plate  is  twelve  inches,  and  as  this  corresponds  to  the  time- 
scale,  which  is  an  inch  an  hour,  each  plate  is  inverted  at  the  expiration  of 
twelve  hours,  and  thus  at  the  expiration  of  the  twenty-four  hours  each  plate 
is  charged  with  a  double  trace,  each  trace  having  also  its  attendant  zero  line. 
The  width  of  the  plates  employed  at  Kew  is  three  inches,  being  deemed  a 
fair  ordinary  width.  In  parts  of  the  globe  where  great  disturbances  prevail^ 
and  where  at  the  same  time  great  precision  is  required  in  the  variations  of 
small  amount,  a  larger  field  than  that  of  three  inches  may  be  desirable,  and 
may  be  given,  but  for  moderate  variations  three  inches  seems  an  ample  field. 
It  has  been  found  by  the  concurrent  experience  of  several  persons  that  the 
traces  on  the  plates  can  be  read  off  with  full  confidence  to  the  500th  of  an 
inch;  consequently  the  three-inch  plate  gives  a  scale  of  1500  distinctly  re- 
cognisable parts.  Taking  the  Declinometer  as  an  example  which  will  be 
most  generally  understood,  if  a  single  division  of  the  scale  is  made  equal  to 
six  seconds,  the  range  of  the  scale  will  extend  to  1500X6=9000  secondSy 
or  %""  30'. 

Mr.  Ronalds's  instruments  have  a  great  advantage  in  the  general  stability 
and  freedom  fVom  shake  of  the  apparatus ;  all  parts  which  have  a  reference 
to  each  other  are  bound  together  with  marble  and  metal,  the  only  wood  em- 
ployed being  used  strictly  for  exterior  casing  only.  They  have  also  a  great 
advantage  in  the  constancy  of  the  zero  line,  which  is  assured  by  mechanical 
contrivance.  The  zero  line  has  thus  a  permanent  absolute  magnetic  value, 
which  remains  unchanged  from  day  to  day,  as  well  as  at  all  times  of  the 
same  day. 

The  time  of  exposure  to  the  light  by  which  each  part  of  the  trace  has 
been  formed  is  one  minute  and  a  half.  It  is  probable  that  by  improvements 
in  photographical  preparations  the  trace  may  hereafter  be  formed  by  an  ex- 
posure of  much  less  duration,  and  that  the  length  of  the  magnets^  which  is 
now  twelve  or  fifteen  inches,  may  also  bo  greatly  reduced.  Both  these  im- 
provements appear  to  be  required  if  we  desire  that  the  trace  should  indi- 
vidualize perturbations  succeeding  each  other  with  great  rapidity.  If  Mr. 
Ronalds  should  succeed  in  substituting  for  the  silvered  plates  a  less  costly 
material)  on  which  the  traces  might  be  taken  with  equal  sharpness,  and  with 
equal  or  greater  rapidity,  the  photographic  part  of  his  invention  would 
seem  to  need  scarcely  any  further  improvement.-Wti/jf  1851. 
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Rqpwt  to  Francis  Ronalds,  Esq.^  m  the  Pefformanee  of  Ms  three 
Magnetographs  during  the  Experimental  Trial  at  the  Kew  Observa- 
tory, April  1  tiU  October  1, 1851.    By  John  Welsh^  Esq. 

Ik  making  a  preliminary  report  on  the  performance  of  the  three  Magneto* 
graphs  daring  the  experimental  trial  of  them  which  has  just  expired,  I  shsll 
confine  myself  to  a  statement  of — Ist,  the  methods  adopted  for  adjostment 
of  the  several  instruments ;  2ndy  the  means  of  preserving  a  recoid,  nume- 
rical and  graphical,  of  the  photographic  regbters;  and  Srd,  the  general 
capabilities  of  the  instruments  of  affording  data  for  magnetical  investigation. 
The  instruments  having  been  already  minutely  described  in  your  varioas 
reports  on  the  Observatory,  it  is  unnecessary  to  make  any  reference  to  their 
mechanical  construction. 

I.  Adjustments,  &c. 

Detonation  Magnetograph. — This  instrument  was  put  into  adjuAtment  on 
March  27-29.  The  suspending  thread,  of  untwisted  silk,  -  was  examined 
throughout  its  whole  extent,  and  found  to  have  retained  its  original  condition. 
The  magnet  having  been  removed,  a  brass  bar  of  the  same  weight  was  in- 
serted in  its  place,  and  the  amount  of  torsion  existing  in  the  thread  examined. 
This  amounted  to  only  10^  and  was  eliminated. 

The  value  in  arc  corresponding  to  a  given  ordinate  on  the  registering 
plate  depends  upon, — ^first,  the  distance  from  the  centre  of  motion  of  the 
magnet  and  its  appendages  to  the  slit  in  the  moveable  shield ;  and  second, 
the  number  of  times  by  which  the  image  of  a  certain  nwtion  of  the  slit  is 
magnified  when  represented  upon  the  registering  plate.  The  first  of  these 
is  obtained  by  direct  measurement  with  a  beam  compass;  for  the  determi- 
nation of  the  second,  the  following  contrivance  was  resorted  to : — A  scale 
divided  on  plane  glass  to  -^ih  of  an  inch  was  placed  in  such  a  position  that  the 
lines  of  the  graduation  were  at  the  same  distance  from  the  lens  as  the  slit  in 
the  moveable  shield  when  the  magnet  is  in  full  adjustment.  A  scale  of  the  same 
value  divided  on  ground  glass  was  placed  in  the  sliding  plate-frame,  and  upon 
it  the  magnified  image  of  the  first  scale  was  received  at  the  proper  focus. 
Both  the  scales  were  in  this  way  visible  on  the  same  surface:  the  one 
magnified,  and  the  other  of  the  natural  size.  It  was  then  easy  to  observe 
the  value  of  the  one  in  terms  of  the  other ;  the  number  of  divisions  of  the 
real  scale  corresponding  to  one  division  of  the  apparent  scale  representing 
the  magnifying  power  of  the  lens.  If  a  be  the  required  arc  value  correspond- 
ing to  an  ordinate  d  on  the  plate,  r  the  distance  of  the  slit  from  the  centre 
of  motion  of  the  magnet,  and  m  the  magnifying  power  of  the  lens,  we  have 

d  d 

o=tan-'^^  or  when  the  angular  motions  are  small,  assarc-*  —  very 

nearly.  The  value  of  r  was  found  by  measurement  to  be  IB'O  inches ;  and 
that  of  m,  by  the  process  above-described,  6*706 ;  whence  we  have  the  an> 
value  of  an  ordinate  of  one  inch=s28H8. 

By  turning  the  arms  of  the  torsion -circle  through  diflerent  angles,  it  wai 
found  that  a  twist  of  90^  in  the  thread  deflected  the  magnet  through  44'; 

whence  the  value  of  the  torsion  coefficient  M  +  prJsl'OOS. 

This  torsion  efiect  being  taken  into  account,  the  arc-value  of  one  inch 
=28''71«  The  scale  employed  in  the  process  of  tabulation  being  divided 
to  3^th  of  an  inch,  the  factor  for  converting  the  recorded  numben  into 
minutes  of  arc  is  0'-574« 
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The  Bame  observations  which  determine  the  magnifying  power  of  the  lens, 
afford  also  a  means  of  estimating  the  amount  of  its  spherical  aberration.  For 
this  purpose  we  have  merely  to  examine  whether  the  value  of  the  apparent 
scale  in  terms  of  the  real  scale  remains  constant  at  different  portions  of  the 
field.  Observations  of  this  kind  having  been  made  for  all  the  instruments, 
there  is  no  reason  to  believe  that,  within  the  adopted  range  of  motion,  any 
irregularity  of  scale  exists.  The  scale  divided  on  ground  glass,  which  Is 
fixed  permanently  in  each  of  the  sliding  plate-frames,  supplies  a  means  of 
observing  the  positions  of  the  magnets  when  the  photographic  registration 
is  not  in  action,  and  has  been  found  of  essential  service  in  the  preliminary 
adjustments  of  the  instruments.  The  scales  are  of  the  same  value  as  that 
employed  in  tabulating  the  numerical  results :  the  zero  division  of  the  scale 
can  also  be  adjusted  to  correspond  with  the  edge  of  the  spot  of  light  which 
gives  the  zero-line  on  the  plate ;  observations  taken  in  this  way  are  there- 
fore  at  once  comparable  with  the  photographic  measurements. 

The  length  of  time  during  which  the  light  is  allowed  to  act  upon  the  plate 
when  the  instrument  is  in  action,  is  found  by  measuring  the  width  of  the  dia- 
phragm at  the  image  end  of  the  camera;  or  more  accurately  by  Measuring 
the  length  of  the  impression  produced  by  the  light  from  the  moveable  slit 
when  tibe  plate  is  at  rest.  This  was  found  to  correspond  to  about  6\  mi- 
nutes. 

The  series  of  registrations  by  this  instrument  has  been  on  several  occa- 
sions interrupted  by  derangements  in  the  adjustments:  these  have  been 
shown  in  alterations  of  the  relative  positions  of  Uie  fixed  and  moveable  shields. 
The  moveable  shield  ought  always  to  overlap,  by  a  small  quantity,  the  fixed 
one,  so  as  to  stop  all  light  except  such  as  passes  through  the  slits.  It  has . 
several  times  occurred  that  the  shields  have  become  so  far  separated  as  to 
allow  the  light  to  spread  across  the  plate  and  thus  to  prevent  the  appearance 
of  the  curves.  At  other  times  the  contrary  has  happened,  the  moveable 
shield  so  much  overlapping  the  fixed  one  as  to  obliterate  the  light  from  the 
slit  which  produces  the  zero-line,  the  curve  line  being  however  still  recorded. 
On  one  occasion,  about  the  end  of  July,  it  was  found  that  the  fixed  shield 
had  become  too  high  relatively  to  the  image-diaphragm.  For  some  days 
previous  to  this  being  discovered,  the  registers  were  very  faint,  owing  to  the 
great  loss  of  light  arising  from  this  cause.  These  errors  were  always  removed 
by  opening  up  the  instrument  and  readjusting  the  parts  deranged — an  ope- 
ration which  always  renders  doubtful  the  connexion  between  the  observa- 
tions before  and  ailter  the  adjustments.  The  derangements  now  stated  have 
been  ascribed  to  alterations  in  the  condition  of  the  wooden  supports  of  the 
instrument,  arising  from  changes  of  temperature  or  humidity.  They  may 
also  be  partly  owing  to  the  expansion  and  contraction  of  the  very  long  sus- 
pending string. 

JBarizanial»Faree  Magneiogrcqjh.'— The  value  in  arc  of  the  ordinates  for 
this  instrument  was  found  in  the  manner  already  described  for  the  declina- 
tion. The  radius  of  the  moveable  shield  =9*08  inches,  and  the  magnifying 
power  of  the  lens  =  3'46 ;  whence  the  arc-value  of  ^^th  of  an  inchs:2'*188« 
The  arc-value  was  also  determined  on  September  20th,  1850,  by  a  different 
process,  as  follows.  The  magnet  having  been  removed,  an  equal  weight  was 
suspended  from  the  stirrup.  There  being  then  no  magnetic  directive  force, 
and  the  torsion-force  of  the  bifilar  suspension  being  considerable,  when  the 
arms  of  the  torsion-circle  are  turned  through  any  angle,  the  arm  carrying  the 
shield  should  move  through  the  same  angle.  The  image  of  the  s&t  &ing 
observed  upon  a  divided  scale  placed  at  the  focus,  its  motions  corresponding 
to  certain  changes  of  the  circle  reading  were  observed.    From  the  mean  of 
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several  obsenraiions  it  was  found  that  the  ordinate  of  -^ih  of  an  inch 
■s2'*192,  agreeing  verj  closely  with  the  value  obtained  by  the  other  method. 
The  optical  value  for^^Uh  of  an  inch=s2'-19. 

The  value  of  the  angle  of  torsion  of  the  suspending  wires  was  detemuned 
by  a  method  quite  similar  to  that  described  in  the  ^  Report  of  the  Committee 
of  the  Royal  Society/  The  arm  carrying  the  moveable  shield  haa  a  motion 
in  azimuth  similar  to  that  of  the  collimator  in  Dr.  Lloyd's  form  of  the  bifikr 
magnetometer ;  the  position  of  the  image  of  the  slit,  with  reference  to  the 
divisions  of  the  ground-^glass  scale,  serving  all  the  purposes  of  the  telescope 
and  scale.  The  angle  of  torsion  in  the  present  adjustment  was  found  to  be 
64^  45'.  By  the  usual  formula,  we  find  the  value,  in  parts  of  the  whole  h(»i- 
aontal  force,  of  an  ordinate  of  •3'^th  of  an  inchsO*00OS0O. 

The  effect  of  temperature  upon  the  magnetic  moment  of  the  bar  was  exa* 
nuned  in  December  1850  by  the  usual  method  of  deflections.  The  results 
were — At  temperature  55°*S,  the  effect  of  one  degree  sOOOOSl  2;  and  at 
temperature  76^*7,  the  effect  of  one  degrees  0*000344. 

The  temperature  of  the  magnet  is  obtained  by  a  thermometer  whose  bulb 
is  within  the  box.  Observations  of  the  thermometer  were  taken  generaUy 
every  three  hours,  rather  more  frequently  during  the  day,  and  not  so  often 
at  night  They  were  taken  usually  by  myself  during  the  day  and  until  mid* 
night ;  whilst  Mr.  Nicklin,  whom  I  had  instructed  so  as  to  observe  the  ther* 
mometer  with  accuracy,  took  them  at  early  morning  or  during  my  occasional 
absence. 

The  effect  of  the  illuminating  lamp  in  heating  the  air  within  the  magnet 
box  has  been  found  to  be  rather  considerable.  At  the  commencement  of 
the  series,  when  no  precautions  had  been  adopted  to  prevent  this  effect,  the 
thermometer  showed  that  the  air  was  heated  about  4  or  5  degrees  above 
what  it  would  have  been  had  the  lamp  been  away  ;  wooden  screens  wers 
afterwards  interposed  for  the  purpose  of  preventing  radiation  from  the  lampi 
but  the  effect  was  still  about  2  or  2^  degrees. 

The  effect  of  the  new  copper  damper  in  checking  mechanical  oacillatlon 
was  found  to  be  very  striking,  a  large  &rc  of  vibration  being  reduced  to 
nothing  in  four  or  five  swings. 

The  length  of  time  during  which  the  light  of  the  registering  image  acH 
upon  the  plate  is  about  If  minute. 

VerHoal'JFhrcB  Mapn^ograph**^The  agate  planes,  upon  which  the  ktaife* 
edges  of  the  magnet  rest,  were  made  horizontal  by  means  of  a  level  supplied 
for  the  purpose  by  Mr.  Barrow,  and  the  instrument  brought  into  approxi* 
mate  adjustment.  The  distance  from  the  centre  of  motion  (the  knife-edge) 
to  that  portion  of  the  slit  in  the  moveable  shield  which  produces  the  imsgs 
on  the  plate,  was  thus  obtained : — a  brass  rod  carrying  a  shield,  with  a  ^t 
similar  to  that  attached  to  the  magnet,  was  made  to  rest,  iu  an  upright  posi* 
tion,  upon  the  a^ate  planes,  by  means  of  a  cross  piece  having  a  flat  base 
which  occupied  the  same  position  as  the  knife-edge  of  the  magnet  when  in 
acyustment  The  image  of  a  portion  of  the  slit  is  formed  upon  the  focui 
glass  :  a  fine  point  was  then  moved  slowly  along  the  slit  by  one  person  until 
another  observed  the  image  of  the  slit  bisected  by  that  of  the  point.  A  mark 
was  there  made  on  the  shield.  The  distance  of  this  point  from  the  bsse  11 
equal  to  the  distance  from  the  centre  of  motion  to  the  eflbctive  |>ortioD  of 
the  slit  in  the  moveable  shield,  and  may  readily  be  determined  by  a  scale  and 
square.  It  was  found  to  be  11*93  inches.  The  magnifying  power  of  the 
lens  was  found  by  the  method  already  described  to  be  8*78.  From  theM 
quantities  we  have  the  value  in  arc  corresponding  to  an  ordinate  of  ^th  of 
aninohssl'-5S5. 
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The  eoofflotentt  for  oonvcrtiog  the  angulsr  motion*  of  the  magnet  into 
vmiAtions  of  the  whole  Tertioal  force,  has  been  obtained  by  the  utual  method 
of  vibration  in  the  horiiontal  and  vertical  planes.  The  magnet,  with  its  ap<- 
pendageB,  having  been  fint  brought  into  approximate  adjustment,  was  re- 
moved and  slung  horiiontally  by  a  slight  loop  of  thread  attached  to  a  silk 
8nspension«  It  was  defended  from  currents  of  air  by  being  enclosed  in  a 
cylindrical  box  with  lids^  the  thread  being  alone  exposed.  A  microscope 
with  cross  wires  was  fixed  to  one  side  of  this  box,  and  so  adjusted  that  a  mark 
on  the  shield  carried  by  the  magnet  was  visible.  A  vibration  of  about  HP 
was  given  to  the  magnet,  and  the  times  of  transit  of  the  mark  across  the  wire 
noted  by  a  chronometer.  On  March  31st  the  time  of  one  oscillation  was  found 
to  be  17*90  seconds,  the  temperature  being  52^.  The  time  of  vibration  in 
the  vertical  plane  was  observed  by  watcUng  the  motion  of  the  image  on 
the  ground-glass  scale,  the  initial  arc  being  generally  nearly  2^. 

Owing  to  the  arrangement  of  the  stone  pier  upon  which  the  apparatus 
rests,  and  the  position  of  the  window  from  which  light  was  obtained,  the 
magnet  could  not  be  conveniently  mounted  either  in  the  magnetic  meridian 
or  at  right  angles  to  it.  It  was  in  fact  mounted  at  right  angles  to  the  astro^ 
nomical  meridiao,  the  north  end  being  directed  to  about  67°  west  of  the 
magnetic  north.  The  mode  of  adjusting  the  horixontality  of  the  magnet  was 
the  same  as  in  Dr.  Lloyd  s  original  balance*magnets,  namely,  a  screw  attached 
near  the  south  end  working  horizontally. 

The  adjustment  for  the  height  of  the  centre  of  gravity  was  effected  at  first 
by  altering  the  position  of  the  Weight  which  counterpoises  the  vertical  arm 
carrying  the  moveable  shield.     After  August  8th  this  a(\justment  was  made 
by  a  screw  working  verticiAly  in  the  same  frame  as  the  horiaontal  adjusting  . 
sorew,  the  fbrmer  method  having  been  found  very  inconvenient. 

In  the  beginning  of  August,  the  instrument,  having  been  for  some  weeks 
performing  very  indifferently,  was  returned  to  Mr.  Barrow  for  alteration* 
He  stated  that  the  knife-edges  had  become  much  deteriorated  and  even 
simiewhat  rusted  (  they  were  therefore  re^ground :  he  was  desired  at  the 
same  time  to  alter  the  mode  of  adjusting  for  the  position  of  the  centre  of 
gravity.  The  counterpoise  weight  below  was  permanently  fixed;  and  a 
screw  working  vertically  attached  to  the  south  end,  an  equal  weight  being 
added  at  the  north  end.  On  the  magnet  being  returned  it  was  again  vibrated 
horixontally ;  and  the  time  of  one  oscillation  found  to  be  18*52  seconds^  the 
temperature  being  72°* 

The  temperature  correction  for  this  magnet  was  determined  at  the  same 
time  as  that  for  the  horiiontal  force.  The  results  were^^At  temperature 
50°'4>,  the  effect  of  one  degree =0000283;  at  temperature  71^*5,  the  efibdt  of 
one  degreeaBO-000319. 

The  thermometer  for  this  instrument  was  observed  at  the  same  time  as 
that  of  the  horizontal  force.  The  effect  of  the  lamp  in  heating  the  air  in 
the  magnet  box  was  very  trifling. 

Several  circumstances  have  tended  to  prevent  the  satisfactory  performance 
of  this  instrument  When  it  was  first  put  into  action,  the  marble  slab  which 
carries  the  masnet  and  its  supports  was  suspended  from  the  upper  slab,  upon 
which  were  placed  the  camera,  the  lens,  and  the  clock  apparatus.  This 
upper  slab  again  was  merely  laid  upon  the  corbel  supports,  and  not  fastened 
down  to  them.  It  was  almost  constantly  noticed,  during  the  month  of  April, 
that  the  photographic  trace  exhibited  sudden  breaks  or  dislocations  in  the 
curve,  accompanied  by  oscillation  of  the  magnet  These  breaks  could  nearly 
always  be  referred  to  periods  when  something  was  done  in  connexion  with  the 
iaetramenti  especially  about  sunset  and  sunrise,  when  the  lamp  was  plaoed 
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or  removed ;  and  also  at  noon  and  midnight^  when  the  registering  platea  were 
changed  or  reversed.  It  having  been  noticed  on  one  or  two  occasions  with 
certainty,  that  a  disturbance  of  the  magnet  occurred  at  the  times  of  chan- 
ging the  plates,  it  was  conjectured  that  these  anomalous  motions  might  be  due 
to  concussions  generated  in  the  apparatus  by  the  necessary  manipulations^ 
and  that  those  a^  sunset  and  sunrise  might  arise  from  a  similar  cause.  In 
the  end  of  April  the  instrument  was  fixed  more  securely  to  its  supports.  The 
four  brass  columns  which  connected  the  lower  slab  to  the  upper  were  re* 
moved,  and  the  slab  cemented  to  an  additional  massive  corbel :  the  upper 
slab  was  at  the  same  time  cemented  to  its  supporting  corbels.  Care  was 
taken  to  preserve  as  nearly  as  possible  the  previous  relative  positions  of  the 
different  parts.  The  effect  of  this  change  was  at  once  to  remove  the  disturb- 
ances which  had  occurred  about  noon  and  midnight ;  those  at  the  placing 
and  removal  of  the  lamp,  however,  still  remained.  Whilst  making  a  more 
careful  trial,  as  to  whether  there  was  any  magnetic  action  connected  with  the 
lamp,  the  real  cause  of  this  particular  class  of  disturbance  occurred  to  me ; 
and  in  a  few  minutes  it  was  traced  to  the  different  positions  of  the  iron  ban 
of  the  window-shutters,  when  these  were  closed  or  opened.  It  had,  in  iacf^ 
been  remarked  previously,  that  the  disturbances  at  sunrise  and  sunset  oc- 
curred always  in  opposite  directions.  This  source  of  error  having  been  dis- 
covered, it  was  remedied  by  the  immediate  removal  of  all  the  shutter-bars  to 
the  basement  story.  These  anomalous  dblocations  in  the  curves  were  after 
this  time  scarcely  ever  experienced. 

Other  errors  have  exhibited  themselves,  the  causes  of  which  we  have  not 
yet  discovered ;  one  of  these  is, — a  tendency  of  the  magnet  to  change  its 
mean  position  from  day  to  day,  and  always  in  on^  direction,  showing  an  ap- 
parent gradual  diminution  of  the  vertical  force.  This  change  has  generaUj 
been  to  an  extent  which  quite  precludes  the  idea  of  its  being  due,  either  to 
a  real  magnetic  change,  or  to  a  loss  of  magnetism  in  the  needle.  That  the 
latter  is  not  the  cause,  we  have  only  to  refer  to  the  two  observations  of  the 
time  of  oscillation  in  the  horizontal  plane  given  above :  from  these  we  see 
that,  considering  the  higher  temperature  at  the  time  of  the  second  observa- 
tion, and  the  fact  that  an  additional  weight  had  in  the  interim  been  {mt  on 
the  magnet,  the  loss  of  magnetism  has  been  trifling. 

AnoUier,  and  perhaps  a  more  serious  error  is  the  inconstancy  of  the 
height  of  the  centre  of  gravity,  as  shown  by  variation  of  the  time  of  vibnip 
tion  in  a  vertical  plane.    In  needy  every  case  of  adjustment  during  the  six 
months,  it  has  been  found  that,  after  some  days,  the  time  of  one  vibration 
has  diminished  to  a  very  large  extent.    The  following  are  a  few  of  the  i 
in  which  this  has  been  shown  : — 

April  1.  At  adjustment,  the  time  of  vibration  was  20  sees. 
...  29.  28  days  after,        ...  ...  11    ,. 

-     *  — -^    —     '  ...  25    .. 

IS    .. 
25    .. 
17    .. 
.••  ^*yf .. 

11    .. 


May  5.  At  adyustment, 
June  4.  SO  days  after, 
...    6.  At  adjustment, 
...  20.  15  days  aft;er, 
...  26.  At  adjustment, 
July  11.  15  days  after. 


Again,  the  knife-edges  having  been  in  the  interim  re-ground : — 
Aug.  14.  At  adjustment,  the  time  of  vibration  was  2S'l  sees. 
...  25.  11  days  after,       ...    *  ...  22'4'    ... 

Sept   9.  26  days  after,       ...  ...  16*2    ... 

Very  remarkable  changes  of  this  nature  have  been  previously  observed  in 
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balance-magnetSy  bat  in  no  case  that  I  am  aware  of,  has  the  Tariation  been 
to  such  an  extent  as  is  shown  above.  Obseirations  have  been  taken  of  the 
time  of  vibration  for  different  inclinations  of  the  magnet,  with  the  view  of 
ascertaining  whether  this  diminution  could  be  owing  to  variations  in  the 
bearing-points  of  the  knife-edges.  These  differences  have  in  some  cases  been 
oonsiderable»  but  not  nearly  so  great  as  to  account  for  such  excessive  changes. 
I  cannot  venture  as  yet  to  give  any  opinion  as  to  the  probable  cause.  With 
the  occasionally  ezcdlent  performance  of  the  magnet  (as  shown,  for  example, 
in  the  magnetic  disturbance  of  Sept.  S-4)  before  us,  it  is  difficult  to  con« 
ceive  that  it  can  be  wholly  due  to  imperfection  of  the  knife-edges  *. 

II.  Tabulation  of  Numerical  Results,  &c. 
In  preserving  a  numerical  record  of  the  changes  as  shown  by  the  mag- 
netographs,  the  objects  kept  in  view  have  been, — Ist,  to  obtain  data  for 
deducing  mean  results,  such  as  the  diurnal  changes,  daily  and  monthly  means, 
&C. ;  2nd,  to  record  iill  the  changes  which  can  be  said  to  come  under  the 
dass  of  disturbances ;  and  3rd,  generally,  to  possess  in  a  numerical  form,  as 
far  as  is  practicable,  the  means  of  producing  the  complete  curves,  either  as 
originally  recorded  photographically,  or  in  the  true  form  of  declination,  in- 
clination, and  total  magnetic  force. 

The  positions  of  all  the  magnets  have  been  measured  for  every  hour  of 
Greenwich  time  during  which  we  have  had  records ;  in  almost  all  cases  the  po- 
sition for  each  half-hour  has  also  been  noted.  Whenever  the  fluctuation  has 
been  at  all  marked,  the  turning-points  of  the  fluctuation  with  the  corre- 
sponding epochs  have  been  measured ;  very  few  motions  exceeding  two  scale 
divisions  will  be  found  omitted.  Attention  has  been  paid,  as  far  as  possible, 
to  have  simultaneous  measurements  of  all  the  instruments,  but  especially  of 
the  two  components  of  force.  Both  edges  of  the  photographic  trace  have 
always  been  measured,  and  the  mean  of  the  two  entered ;  by  this  means  the 
effects  of  mechanical  oscillation  and  of  variable  breadth  of  the  trace  from, 
whatever  cause,  are  eliminated.  The  number  of  measurements  for  each  in- 
strument during  twenty-four  hours  has  of  course  varied  very  much  ;  it  may 
be  said»  however,  that  the  lowest  number  is  48,  whilst  in  some  cases  of  great 
disturbance  as  many  as  150  measurements  have  been  taken;  the  average 
is  probably  somewhat  more  than  60.  Any  unusual  appearance  in  the  curves, 
such  as  small  and  rapid  fluctuation  with  little  change  of  mean  position,  has 
been  mentioned.  The  attempt  has  been  made  throughout  to  leave  no  phsB- 
numenon  of  any  consequence  unrepresented. 

In  taking  these  measurements,  the  edge  of  the  scale  is  brought  very  near 
to  the  surface  of  the  plate,  in  order,  as  much  as  possible,  to  prevent  error 
from  parallax ;  a  compound  magnifying  lens  with  a  flat  field  being  Used  in 
reading  off.  From  my  own  experience,  supported  by  the  opinions  of  several 
gentlemen  accustomed  to  observation,  I  estimate  the  accuracy  with  which 
the  better  defined  traces  can  be  measured  at  about  yf^th  of  an  inch,  or  one- 
tenth  of  a  division  of  the  measuring  scale.  In  the  case  of  the  declination, 
the  trace  not  being  so  distinct,  probably  ^iir^^  ^^  ^^  ^"^^  should  be  consi- 
dered as  the  extent  of  accuracy.  These  estimates  give  for  the  probable  error 
of  a  measurement  of  the  declination  about  O''!,  and  for  the  horizontal  force 
about  000003  of  the  whole  force.    The  adjustments  of  the  vertical  force  in- 

*  Shortly  after  the  date  of  this  report  it  was  discoTsred  that  a  spot  of  nut  had  fonned 
upon  one  of  the  knife-edges :  this  had  not  been  perceived  when  the  magnet  was  examined 
about  the  beginning  of  October ;  although  it  may  have  been  abeady  in  operation,  but  to  so 
small  an  extent  as  to  be  imperceptible  to  the  eye.  It  seenu  highly  probable  that  a  consi- 
denible  shire  of  the  iiregiiUDities  complained  of  may  bo  ascribed  to  this  oaose. 
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strument  having  been  so  variable,  no  constant  eitimate  ean  be  given  tar  U ; 
in  an  average  adjustment,  however,  it  is  believed  that  the  probable  error  of 
a  measurement  will  not  exceed  0*000015  of  the  whole  vertical  force. 

Failures  in  the  registration  have  been  mentioned  whenever  they  have  oo- 
€arred,  and  a  note  taken  of  the  cause  when  such  is  known.  On  euuninatioD 
of  these  records,  I  find  that,  in  the  case  of  the  declination,  there  are  about 
seventy-five  hours  in  the  six  months  during  which  no  registrations  have  been 
obtained,  owing  to  insufficiency  of  the  photographic  process ;  in  the  horizon** 
tal  force  there  are  about  fifty  hours.  No  failures  whatever  have  taken  place 
in  the  photographic  process  during  the  last  ten  weeks  of  the  triaL  PaUuree 
have  occasionally  occurred  from  causes  purely  accidental,  such  as  omitting 
to  wind  the  clocks,  not  properly  adjusting  the  sliding  plate-frames,  forgetting 
to  open  the  valve  of  the  declination  lamp,  and  such  like.  These,  however, 
must  be  considered  rather  as  personal  than  instrumental  errors. 

All  the  photographic  registrations  have  been  copied  upon  gelatine  tracioff- 
paper.  I  am  not  yet  prepared  to  give  any  estimate  as  to  the  accuracy  wiUi 
which  these  copies  are  made. 

III.  General  Remarks  on  the  Capabilities  of  the  Instruments. 

In  forming  an  opinion  as  to  the  powers  of  the  instruments,  it  is  necessary 
to  take  into  consideration  the  circumstances  connected  with  their  construc- 
tion. The  declination  magnetograph  was  the  first  instrument  constructed 
according  to  your  design,  and  consequently  cannot  be  expected  to  equal  In 
accuracy  or  convenience  those  afterwards  made.  From  the  essential  porUons 
of  its  structure  being  altogether  of  wood,  it  would  be  too  much  to  expect 
from  it  a  long-continued  series  of  trustworthy  records,  where  steadiness  and 
permanencv  of  adjustment  are  so  necessary.  The  large  dimensions  of  the 
msua;net.ana  its  appendages  would,  on  any  system  of  observation,  present  great 
dimculties  whenever  the  more  rapid  magnetic  changes  occur.  A  connder- 
able  loss  of  light  is  sustained  by  the  position  of  the  instrument  requiring  the 
daylight  to  be  reflected,  and  the  photographic  difficulties  are  accordingly  in- 
creased. The  want  of  a  copper  damper  sufficiently  powerful  to  eliminate 
the  mechanical  oscillation  of  the  magnet,  by  permitting  an  almost  continue- 
ous  minute  vibration,  tends  to  diminish  the  sharpness  of  outline  in  the 
trace*  It  has  accordingly  been  found  that,  owing  to  changes  taking  place  in 
the  framework  of  the  apparatus,  a  series  of  more  than  a  few  weeks  cannot  be 
obtained  without  some  slight  adjustments  of  the  instrument.  When  the 
magnetic  changes  become  very  rapid  and  extensive,  it  fails  to  afford  all  the 
information  which  is  desirable.  Instances  of  failure  in  this  respect  will  be 
found  in  some  of  the  larger  disturbances  which  have  occurred  during  the 
trial,  as,  for  example,  in  those  of  the  8rd  and  29th  of  September,  wheot 
from  the  excessive  abruptness  of  the  magnetic  motions,  and  the  want  of 
delicacy  in  what  may  be  styled  the  registering-pencil,  the  interpretation  of 
the  photographic  records  becomes  very  difficult  and  uncertain.  Notwith- 
standing the  defects  which  I  have  alluded  to,  it  is,  however,  certain  that 
the  instrument  is  capable  of  affording  a  large  amount  of  information.  It 
exhibits  with  much  exactness  all  the  common  fluctuations ;  and  there  can 
be  no  doubt  that  very  trustworthy  results,  as  to  the  mean  diurnal  move- 
ments, could  be  obtained  from  it  Even  disturbances  of  considerable 
amount,  especially  those  which,  although  of  large  extent,  are  not  of  an  ab- 
rupt character,  are  recorded  with  as  much  accuracy  as  seems  to  be  desirable. 
In  short,  the  instrument,  even  in  its  present  state,  is  capable  of  providmg  a 
very  great  porportion  of  the  data  required  for  magnetical  investigation. 
.  In  the  horixontal-force  magnetogmph,  the  defects  of  construotien  in  tho 
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deeliiuition  have  been  in  a  great  degree  remedied.  All  the  euential  parts  of 
the  apparatus  being  of  metal  or  stone,  the  permanency  of  the  adjustments  is 
•eeured.  The  light  being  admitted  directly  to  the  instrument,  and  the  op- 
tical power  not  being  so  great,  the  photographic  means  are  increased.  The 
dimensions  of  the  magnet  and  its  appendages  being  much  smaller,  the  me- 
ehanioal  inertia  is  diminished ;  and  by  the  use  of  a  very  powerful  copper 
damper,  the  inconvenience  arising  from  vibration  is  almost  wholly  got  rid 
of.  The  results  of  these  improvements  are  such  as  might  be  expected.  It 
has  been  found  that  a  Jong  series  of  registrations  can  be  obtained  without 
the  ocourrenoe  of  a  single  case  of  mechanical  derangement  requiring  re-ad- 
justment  of  any  portion  of  the  apparatus.  The  instrument  has  been  found 
capable  of  i^ecording,  in  a  perfectly  distinct  manner,  almost  all  the  magnetic 
changes  which  occur,  and  with  a  delicacy  of  scale  quite  sufficient  to  repre- 
sent even  the  most  minute  movement  In  only  one  instance  during  the  six 
months  has  it  been  unable  to  overtake  the  most  rapid  motions.  In  the  dis- 
turbance of  September  29,  it  certainly  has  been  found  deficient  in  power  to 
represent  with  distinctness  those  very  violent  and  extensive  changes  which 
occasionally  do  occur.  This  deficiency  seems  to  have  arisen — 1st,  from  the 
length  of  time  during  which  the  plate  is  exposed  to  the  action  of  the  light 
being  sufficient  for  more  than  one  motion  to  take  place;  and  2nd,  from 
the  mechanical  inertia  being  still  so  great,  as  in  some  instances  to  carry  the 
magnet  farther  in  the  direction  of  a  sudden  magnetic  change  than  is  stricUy 
due  to  such  change.  These  defects  seem  to  point  to  the  desirability  of 
further  improvements  in  the  same  direction  as  those  already  made,  namely, 
greater  photographic  power  and  less  mechanical  inertia.  It  should  be  re- 
marked abo,  that  in  the  larger  disturbances  the  extent  of  scale  adopted  for 
all  the  instruments  has  been  insufficient  to  contain  the  extreme  excursions. 

The  performance  of  the  vertical  force  instrument  has  unfortunately  been 
10  little  satisfactory,  from  causes  apparently  unconnected  with  the  means  ne« 
cessary  to  adapt  it  to  photographic  registration,  that  it  is  impossible  to  come 
to  a  distinct  conclusion  as  to  its  value.  Its  performance  for  some  time  after 
being  repaired  by  the  maker  was,  however,  so  good,  and  its  power  of  exhi- 
biting such  great  and  sudden  motions  as  occurred  during  the  disturbance  of 
September  3-4  so  considerable,  as  to  hold  out  the  expectation  that,  when- 
ever the  source  of  the  errors  already  noticed  shall  have  been  discovered,  it 
may  be  found  to  be  a  really  efficient  and  trustworthy  instrument. 

John  Welsh. 

Kew  Observatory,  October  23, 1851. 


Rqport  concerning  the  Observatory  of  the  British  Association  at  Kew, 
from  August  \y\%SO  to  July  1,1851.  By  Francis  Ronalds^  £^gr., 
F.R,S.f  Honorary  Superintendent. 

It  is  hoped  that  this  eighfh  annual  summary  relative  to  the  status  and  pro- 
ceedings of  the  Kew  Observatory  will  evince  our  sincere  desire  to  promote 
the  liberal  views  of  the  British  Association,  and  that  our  diligence  has  been 
commensurate  with  the  augmented  funds  which  have  been  kindly  granted  by 
Her  Majestv's  Government  and  the  Royal  Society,  and  with  the  increased 
interest  which  gentlemen  of  the  highest  scientific  acquirements  and  repu* 
tation,  both  at  home  and  abroad,  have  manifested  in  the  success  of  the  Esta- 
hlishmeiit. 
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The  principal  means  which  I  have  employed  in  its  composition  have  been 
references  to  my  former  Reports  of  a  like  kind ;  examinations  of  the  ▼arioua 
instruments,  &c.  spoken  of;  descriptions,  &c,  from  my  own  portfolios ;  the 
Electro-meteorological  Journal ;  the  tabulations  and  tracings  of  the  magnetic 
curves,  &c«,  and  the  Kew  Diary. 

The  materials  which  I  have  used  for  supplying  some  omissions  in  our 
Diary  have  been  three  manuscripts  concerning  the  Meteorological  Joumalt 
the  Barometrograph,  and  the  Hygrometers,  drawn  up  by  Mr.  Welsh  (our 
observer).  In  making  use  of  the  Diary  and  all  other  documents,  endeavours 
have  constantly  been  made  to  record  shortly  only  such  facts  as  may  be,  or 
may  become  useful,  and  to  do  this  in  the  words  themselves  of  those  docu- 
ments whenever  a  due  regard  to  brevity  permitted. 

The  subjects  are  arranged  under  four  heads  : — 1st,  those  which  relate  to 
the  Building,  Instruments,  &c. ;  Sndly,  those  referable  to  the  Observations  ; 
drdly,  experimental  (and  analogous)  subjects ;  and  lastly,  those  which  do 
not  properly  belong  to  any  of  the  former. 

I.  THE  BUILDING,  INSTRUMENTS,  &c. 

The  edifice*  has  undergone  no  change  of  importance  this  year.  The  an- 
nexation of  three  new  corbels  to  the  wall  of  the  great  mural  quadrant,  for 
the  support  of  a  new  Vertical-force  Magnetograph,  is  probably  a  temporary 
expedient.  The  custody  of  a  large  quantity  of  apparatus,  consigned  to  our 
care  by  the  Royal  Society,  and  of  which  a  portion  is  highly  valued,  from  the 
circumstances  of  its  having  been  invented,  or  made,  or  even  possessed  by 
such  men  as  Boyle,  Huygens,  Newton,  Cook,  Cavendish,  Coulomb,  Le  Roy, 
Sabine,  Kater,  &c.,  renders  a  little  reparation  (of  damage  by  dry  rot)  and 
painting  very  desirable  (a  long  time  has  elapsed  since  any  interior  painting 
has  been  done) ;  and  it  has  frequently  been  thought  advisable  that  the  wall 
of  the  great  quadrant,  which  instrument  has  long  since  been  dismantled,  and 
will  never  be  again  employed,  should  be  converted  into  piers,  pedestals,  &c. 
for  the  support  of  experimental  instruments  requiring  scrupulous  regard  to 
immutability  of  position  and  exemption  from  extraneous  vibrationf. 

In  speaking  of  the  Instruments,  I  refer  principally  to  those  which  have 
been  more  or  less  used  in  this  year. 

Electrical  Apparatus. 

Tl^e  Principal  Conductor,  &c.  on,  and  in,  the  Dome,  and  all  tlie  electrical 
apparatus  which  has  been  employed  for  the  observations  of  atmospheric 
electricity,  are  in  working  order.  The  Rod,  Lantern^  &c.,  the  Fotta- 
Electrometers,  Henley- Electrometer^  Discharger  and  Distinguisher,  retain 
die  forms  described  at  p.  123  (et  seq.)  of  the  Report  for  1844.  The  Ob- 
server's Clock  and  its  scale  remain  as  described  at  p.  178  of  the  Report  for 
1850. 

The  Gahanometer  of  M.  Goujon  gives  strong  indications  when  connected 
with  the  conductor,  in  times  of  violent  rain,  &c.,  but  is  not  to  be  depended 
upon  as  to  measures. 

*  Described  at  p.  120,  Report  for  1844. 

t  Two  of  the  magnetographs,  although  solidly,  are  inconyemently  placed.  The  photo- 
barometrograph  requires  a  much  better  foundation  than  boards  and  joists  can  aflfbrd  (as  will 
be  seen)  ;  and  for  the  due  prosecution  of  projected  observations  of  standard  and  other  bft* 
rometers,  pendulums,  &e.,  extremely  solid  btses  cannot  (obriously)  be  dispensed  with. 
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The  three  NighURegUiermg  Electrometers,  described  at  p.  139  of  the  Re- 
port for  1844,  are  effective,  but  little  employed.  They  were  very  useful 
formerly,  but  will  ioon  give  place  to  the  Photo- Electrograph. 

The  Gold-leaf  Electrofcope  itself  remains  nearly  as  described  at  p.  125  of 
the  same  volume.  The  little  additional  apparatus  for  preserving  its  insulating 
power,  afterwards  alluded  to,  and  now  described  more  particularly,  lias  been 
found  very  convenient  and  effective. 

A  (Plate  XVIII.  fig.  2)  is  a  thick  plate  of  well-ground  and  polished  glass. 

6,  a  kind  of  annular  tin  trough,  coated  with  sealing-wax  varnish,  and  con- 
taining chloride  of  calcium. 

C,  the  electroscope. 

On  the  central  part  of  A,  not  occupied  by  B,  stands  C ;  which,  together 
witl)  B,  is  covered  by  a  glass  receiver,  fitting  air-tight  upon  A  when  C  is  not 
in  use. 

By  tliis  means  the  electroscope  may  be  preserved  in  a  dry  and  clean  state, 
and  quite  ready  for  use  at  any  moment ;  and  it  is  evident  that  a  similar 
drying  arrangement  may  be  adopted  in  respect  of  a  Volta,  or  any  other  de- 
tached electrometer  or  electrical  instrument,  &c. 

The  pair  o^  Portable  f^olta-Eleetrometers,  occasionally  used  on  the  leaden 
roof  of  the  building  for  experiments  on  induction,  absorption,  fire,  of  atmo- 
spheric electricity,  are  in  the  original  state  alluded  to  at  p.  140  of  the  Report 
for  1844;  they  were  not  particularly  described  there,  because,  with  the  ex- 
ception of  a  few  additions  and  alterations,  they  are  similar  to  the  instruments 
used  in  the  dome ;  but  several. eminent  meteorologists  having  thought  that 
these  instruments  would,  if  used  with  proper  precautions,  afford  better  ap- 
proximative results  in  observations,  on  mountains>  8rc.,  than  the  portable 
instruments  which  have  been  usually  employed,  the  following  short  but  com- 
plete account  of  them  may  possibly  be  found  convenient. 

A  (Plate  X  VIII.  fig.  1)  is  the  lower  part  of  one  of  them. 

a\  a  little  hollow  pedestal,  the  side,  base,  and  upper  surface  of  which  are 
formed  out  of  one  brass  casting.  It  is  about  $  inches  high  and  2  inches 
square. 

ifif  a  cupola  of  cast  brass  screwed  firmly  into  its  upper  surface. 

fl^,  a  lamina  of  thin  plate-glass  polished  and  attached,  by  a  frame  of  brass 
and  screws,  to  a* :  a  lamina  of  ^rocim/ glass  is  fixed  in  like  manner  to  the  back 
ofa>. 

a*,  a  tube  of  thick  glass  well-coated  with  shell-lac,  applied  by  heating  the 
glass  until  it  is  capable  of  melting  the  lac,  but  not  of  carbonizing  it.  It 
passes  through  and  is  firmly  cemented  to  a  cover  which  is  screwed  into  a*. 
Its  lower  end  projects  about  an  inch  below  the  cover,  and  on  the  upper  end 
is  cemented  a  brass  cap  and  screw.  A  wire,  forming  a  continuation  of  that 
screw,  passes  through  the  bore  of  a^,  in  which  it  is  securely  fixed ;  this  wire 
terminates  below  in  a  flattened  part,  which  has  two  minute  perforations  at  the 
distance  of  half  a  Paris  line  from  each  other. 

a',  a  pair  of  Volta's  straw  penduletti,  two  Paris  inches  long.  In  their 
upper  ends  are  fixed  hooks  of  fine  copper  wire,  which  pass  through  the  per- 
forations and  suspend  the  straws  freely  :  their  lengths  and  diameters  are  in 
strict  conformity  with   Volta's   prescription  for  his   standard  instrument 

o^t  an  ivory  scale  fixed  in  front  of  a^ ;  its  upper  edge  is  an  arc  whose 
radius  is  equal  to  the  lengths  of  a^  and  it  is  graduated  in  half  Paris  lines ; 
1851.  *  *"  « 
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the  zero-point  being  opposite  to  the  line  where  the  straws  nearly  touch  each 
other  when  nnelectrified. 

a^  is  a  small  brass  tube  or  cap  fitted  upon  the  cap  of  a^,  but  whose  interior 
cylindrical  surface  stands  at  the  distance  of  about  i^th  of  an  inch  from  the 
coating  of  lac  on  a^ ;  it  can  be  removed  at  pleasure*. 

B  is  an  electrometer,  similar  to  A  in  all  respects,  excepting  as  regards  iti 
pair  of  straws  6^,  which  are  rendered  so  much  heavier  than  die  straws  of  A, 
by  filling  their  cavities  with  the  prolonged  wire  of  their  hooks,  as  to  diverge 
(when  both  are  equally  electrified)  exactly  -^th  as  much.  This  arrangement 
agrees  with  Volta's  prescription  for  his  electrometer  No.  £,  and  the  exact 
accordance  of  the  two  instruments  is  ascertained  by  his  halving  proceasf* 

C  is  the  conductor,  consisting  of  a  very  light  conical  tube  of  copper  about 
8  feet  6  inches  long,  and  furnished  with  a  brass  cap  below,  which  screws 
upon  the  cap  of  n*. 

c^  (fig.  1"}  is  a  helix  of  small  copper  wire,  the  lower  and  smaller  part  of 
which  fits  upon  the  upper  extremity  of  C ;  the  upper  part  being  considerably 
larger. 

cS  a  $olfaneUo  (of  Volta),  t.  e.  a  sulphur  candle,  composed  of  about  10 
threads  of  Tamp>cotton  coated  and  imbued  with  sulphur  whilst  in  a  melted 
state.     It  is  placed  in  the  larger  part  of  c^ 

D  is  a  mahogany  case  placed  upon  a  portable  staff  or  table,  or  a  post 
^  d^  d\  &c.  grooved  pieces,  between  which  the  lower  parts  of*  A  and  B  msj 
be  slid,  and  the  instruments  be  thus  properly  packed  for  transport. 

d^,  a  little  drawer  containing  a  supply  of  solfunelU^  &c. 

A  hollow  walking*cane  may  contain  C,  disjointed  for  the  sake  of  ports- 
bility ;  and  tubes  might  be  occasionally  slid  through  the  bottoms  of  a>  and  ¥ 
to  embrace  a^  and  6^,  thus  preventing  their  violent  vibration,  &c.  in  transport. 

When  these  instruments  are  to  be  used  in  Volta's  or  Bennet's  manner,  e' 
may  be  slid  upon  C,  and  c*  (lighted)  into  c* ;  when  in  Saussure'a  manner,  s 
pointed  wire  may  be  substituted  for  c^  and  c* ;  when  in  Cavallo'a,  Erman's, 
or  Peltier's  (inductive)  manner,  a  ball  may  be  atteched  to  die  end  of  C,  or  C 
may  be  disjointed  and  a  ball  attached  to  iu  lower  joint ;  or  the  instrument 
may  be  used  without  any  such  conductor,  as  may  be  most  suitable  to  cir- 
cumstances  of  locality,  &c. 

In  all  cases  where  the  atmospheric  charge  is  not  extremely  minute,  straws 
are  infinitely  preferable  to  gold  leaves,  which  can  never  be  safely  transported 
in  their  instrument. 

The  Peltier  Ekctrometer 9  or  (rather)  Erman's,  which  has  been  particulsrly 
described  by  both  inventors,  can  scarcely  be  said  to  be  in  working  order,  its 
insulating  capacity  having  gready  diminished. 

Electrical  Observatory  for  transport — ^The  expense  and  difficulty  o^  con- 
veying to  distant  stadons  apparatus  for  electrical  observations  so  large  and 
heavy  as  is  ours,  have  furnished  the  motives  for  arranging  some  instrumentSi 
already  exisdng  at  Kew  in  the  form  represented  by  fig.3,  PlateXVIIL,  wbicb 
shows  that  a  Very  efficient  apparatus  may  be  constructed  at  small  compa- 
radve  expense,  and  presenting  considerable  facility  of  transport. 

The  round-house  A  A  is  drawn  in  half-section ;  its  proportions  are  derived 
from  a  square  portable  house  which  came  to  Kew  from  Woolwich  for  some 

*  Since  the  above  was  written,  an  electrometer  of  this  kind  has  been  presented  to  Uca^ 
Cheyne  for  employment  in  Sir  Edward  Belcber't  north  polar  expedition, 
t  Vide  Opere  del  Volta,  tome  i.  parte  ii.  p.  13  9t  m^. 
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propoied  magnetic  vibration  experiments ;  it  is  high  enough  to  allow  an  ob« 
server  to  stand  in  it,  and  broad  enough  to  allow  him  to  view  the  electro- 
naeters  in  a  stooping  attitude.  Several  parts  of  the  contained  apparatus  are 
similar  to  the  principal  corresponding  parts  in  our  Dome  (vide  Report  for 
1844,  pAftO),     Some  are  improved. 

a  is  a  mahogany  varnished  cylinder  fitted  into  a  circular  aperture  in  the 
roofi  and  furnished  with  a  smooth  ring  or  rim  projecting  outward  from  the 
upper  end. 

B,  a  window  (which  may  serve  for  photographic  purposes^  &c.). 

C,  my  strong  hexapod-stand ;  but  capable  of  being  folded  into  a  very  small 
compass*. 

^  «S  a  safety  conductor  of  thick  copper  wire,  in  good  conducting  commu- 
nication! with  moist  earth  or  water. 

D,  fig.  S\  is  the  upper  end  of  the  principal  conductor,  which  is  a  light 
conical  tube  of  copper  12  feet  long. 

Ey  a  brass  tube  whose  upper  end  is  ^  feet  above  the  roof  of  A»  and  into 
whidi  the  lower  end  of  D  is  firmly  screwed,  but  from  which  it  can  be  re- 
moved at  pleasure  by  a  person  standing  on  the  roof  of  A. 

F»  the  usual  stout  hoUow  glass  pillar,  with  its  coUar  of  wood,  &c.  It  is 
trumpet-shaped  below  and  firmly  secured  by  bolts  passing  through  the  collar 
and  table. 

G,  the  table,  which  also  carries  the  other  instruments. 

H|  the  cap  with  a  globular  ring  fitted  on  F,  and  supporting 

II,  which  are  two  conical  tubular  arms  of  brass. 

KE|  the  bolts, '&c  which  contain  the  screws,  plugs,  and  stoppers  for  bus- 
tainiw  and  adjusting  the  sliding  arms,  &c. 
.    A'  ir,  the  clamping  balls. 

^  k%  one  of  the  sliding  arms  passing  through  K,  &c.  and  adjustable  ver- 
tically (or  to  any  angle).  It  can  be  secured  in  any  required  position  by 
means  of  iB;^  in  the  manner  formerly  described. 

L,  the  small  warming  lamp. 

l\  the  usual  conical  chimney  of  copper,  closed  above  and  entering  F,  to 
which  it  imparts  warmth  from  L. 

M,  fig.  d%  a  small  Volta's  lantern,  fitted  by  a  socket  on  the  too  of  D.  It 
contains  the  collecting  lamp,  and  is  provided  with  ti  little  cowlj  in  lieu  of 
the  former  perforated  cap. 

N,  a  copper  cylindrical  parapluie,  fitted  by  a  collar  on  E,  and  having  a 
smooth  ring  or  rim,  projecting  nearly  as  much  inward  as  the  rim  of  a^  pro- 
jects outwit  t* 

O,  the  uninsulated  part  of  Volta's  standard  or  electrometer  No.  1. 

P,  his  second  electrometer,  both  as  improved  and  formerly  described. 

QQ,  the  usual  apparatus,  of  suspending  wire,  glass  tubes,  covers  (of  O 
and  P),  rings,  &c.,  by  means  of  which  the  straw  pendulums  are  made  to 
depend  for  insulation  on  F  only. 

Kj  the  horizontal  tubular  arm,  fixed  upon  k%  with  ito  stoppers  and  notches 
(for  the  reception  of  the  knife-edges  in  the  rings).  The  eye-pieces  and 
their  adjusting  apparatus  used  in  the  Dome  for  reading  the  scales  of  the 

*  Font  described  in  1898.    Vkh  **  Meohsiiicsl  Psrspective,"  p.  19. 

t  This  eowl  was  (kmg  sinee)  suggested  by  the  Astronomer  Boysl  snd  is  a  decided  im- 
provement. 

t  These  improyements  on  the  old  psnpluie,  &c  (which  did  not  ezdude  erery  drop  of 
watec  doling  a  violent  driying  shower)  occurred  to  me  since  the  reading  of  this  Report,  and 
aie  adopted  in  a  oomptete  electrical  spparatiis  now  amstroetiog  for  the  Boysl  Madrid 
ObierTStory. 
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electrometers  are  here  omitted  as  not  being  absolutely  necessary  for  the  ob- 
jects contemplated ;  but  they  can  be,  at  any  time,  easily  added. 

A  sheet  of  tin-foil  is  placed  under  O  and  P,  and  in  good  conducting  com- 
munication  witli  cK 

S  is  the  Henley  electrometer,  as  modified  by  Volta  (and  formerly  de- 
scribed). 

T,  the  discharger  (or  spark-measurer),  remains  as  also  formerly  described. 

t*  is  a  rod  and  balls,  adjustable  to  height,  and  attached  to  one  of  the  balls 
K,  in  the  uianner  in  nvhich  k^  is  attached  to  the  other  ball  K. 

The  distinguisher,  used  for  ascertaining  the  kind  of  charge  possessed  by 
the  conductor,  may  be  either  the  small  Leyden-jar,  combined  with  a  gold- 
leaf  electroscope  formerly  described ;  or  the  electroscope  at  fig.  IS,  which 
retains  its  charge  very  long  whilst  under  the  glass  bell,  and  may  be  used  for 
the  above  purpose  without  being  removed  from  it*. 

External  Apparatut  for  Insulationj  ^e, — The  apparatus  represented  by 
fiff.  4,  divested  of  the  conductor  (D),  formed  part  of  an  instrument  formerly 
alluded  to  (Report  for  1 844),  and  which  was  called  a  pluvio-electrometer. 
In  lieu  of  the  conductor  a  large  copper  dish  was  fixed  upon  the  glass  pillar 
(F),  mounted  on  the  tripod  which  was  placed  on  the  leads  of  the  Observatory, 
and  the  dish  was  connected  by  a  wire  with  a  separate  insulating  apparatu 
in  the  Dome,  for  the  purpose  of  examining  the  electricity  of  rain.  Deeming 
the  employment  of  a  dish  objectionable,  however,  I  made  little  use  of  the 
instrument  for  that  purpose ;  but  it  has  been  found  very  convenient  in  the 
form  here  described  as  an  external  and  portable  apparatus,  placed  in  situatioiu 
where  it  would  have  been  inconvenient  and  expensive  to  have  erected  a 
round-house  observatory  (as  fig.  3).  Some  electrical  observers  would  pro- 
bably derive  advantage  from  its  use,  in  preference  to  the  rod  projecting 
from  a  window,  as  in  Volta*s,  Cavallo's,  my  own  former,  and  many  other 
experiments ;  for  it  requires  a  very  long  rod  thus  used  to  get  rid  of  the 
baneful  effect  of  the  house-top,  chimneys,  &c.,  particularly  when  the  wind 
passes  over  the  house  from  the  side  opposite  to  that  from  which  the  rod 
projects. 

G  (the  table)  is,  in  this  case,  supported  by  9  triangular  strong  boards  or 
frames,  attached,  by  strong  hinges,  to  its  under  side,  and  provided  with  edge- 
pieces  or  "feather-boards,"  for  diminishing  vibration,  &c. ;  they  can  be 
folded  inward,  for  the  sake  of  portability,  &c. 

g*  g*  are  2.  of  3  pieces  of  sail-cloth,  which,  by  means  of  studs  (or  buttons) 
on  the  boards  or  legs,  and  of  corresponding  hooks  upon  g*  g\  can  be  laced 
(with  small  cords)  upon  the  legs,  so  as  to  fill  up  any  or  all  the  spaces  between 
them,  and  thus  prevent  the  interference  of  wind  with  the  lamp. 

D,  the  conductor,  and 

F,  the  glass  pillar,  &c.,  are  nearly  similar  to  those  of  fig.  S,  but  stronger. 
The  warming  lamp  is  much  more  powerful  than  the  lamp  of  fig.  Sf  in  order 
that  it  may  counteract  the  colder  atmosphere  to  which  this  apparatus  is 
usually  exposed. 

a\  the  cylinder,  shown  by  dotted  lines,  and  corresponding  in  some  respects 
with  a\  fig.  8,  is  of  copper,  and  protects  F  from  rain,  &c« 

This  apparatus  may  be  placed  on  the  roof  of  a  house,  and  a  wire,  or  (better) 
a  rod,  led  from  it,  may  communicate  with  an  internal  apparatus  as  the  part 

*  It  may  be  convenient  to  attach  this  (with  its  glaas  bell)  to  one  end  of  a  Iny  aii&<v 
bracket  revolvable  horizontally  npon  a  strong  pivot  at  the  other  end* 
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H,  &€•  of  fig.  d,  or  it  may  be  placed  in  any  high  situation  on  the  earth,  at  a 
distance  from  buildings,  &c.,  and  a  long  wire  may  be  attached  to  a  stronger 
and  shorter  rod  taking  the  place  of  D.  This  wire  may  communicate  with 
internal  apparatus,  and  thus  Beccaria's  principal  method  of  observing  the 
electricity  of  serene  weathcv,  dew,  &c.  may  be  adopted  and  compared  with 
others,  and  with  the  electricity  of  higher  strata  of  the  atmosphere. 

Or  (much  better),  several  such  insulators  may  be  distributed  over  a  con- 
siderable space  and  made  to  support  several  wires  connected  with  each  other 
and  with  the  internal  apparatus. 

A  large  network  of  small  wire  thus  insulated  has  long  been  a  desideratum 
with  me.  The  pillar  F,  &c.  might  be  inclined  for  the  sake  of  acquiring  a 
better  position  for  resisting  the  weight  of  such  network. 

For  examining  the  electricity  of  rain  in  Cavallo's  manner,  a  hoop  of  copper 
supporting  a  net  work  of  wire,  as  shown  by  the  dotted  lines,  might  be  ad* 
yantageously  substituted  for  the  above-mentioned  dish  or  the  conductor  D. 

Three  such  insulators  might  be  placed  in  an  equilateral  triangle,  and  3 
light  cords,  containing  very  fine  wires,  might  be  attached  to  an  electrical 
kite,  thus  maintained  at  a  nearly  invariable  height,  as  was  done  by  lines  not 
vrired,  in  a  rough  experiment  made  here  in  1 847,  with  a  view  to  temperature 
and  hygrometric  observations  (vide  Phil,  Mag.  for  September  1847). 

The  Photo 'Electrograph  remains  nearly  as  described  in  the  Phil.  Trans. 
Part  I.  for  1 847.  It  will  be  improved  by  the  addition  of  a  little  apparatus 
applicable  to  the  registration  of  electrical  frequency,  and  removed  into  the 
Dome. 

Anemometer,  &c. 

The  Wmd'Vane  remains  as  described  in  the  Report  for  1844,  p«  129. 

The  Balance  Anetnometer  of  metal — an  improvement  upon  that  described 
in  the  Report  for  1844,  p.  129,  and  precisely  similar  in  principle,  but 
more  sensitive — will  be  particularly  described  when  further  contemplated 
improvements  have  been  effected.  It  is  supported  upon  either  a  pillar  at- 
tached to  the  northern  part  of  the  balustrade  of  the  leads,  or  upon  one  at  the 
southern  part,  according  to  the  direction  of  the  wind.  It  turns  to  the  wind 
on  hard  steel  centres,  and  vibrates  vertically  upon  hard  knife-edges  and 
rings,  in  the  manner  of  a  delicate  scale-beam. 

Rain  Gauges,  &c. 
The  Rain-  and  Vapour-Gauge  is  in  the  state  described  at  p.  129  of  the 
same  Report.  Wear  does  not  seem  to  affect  its  sensibility.  On  November 
16,  1850,  it  was  removed  from  the  support  of  the  old  rain-gauge  and  placed 
upon  a  strong  tripod,  very  near  to  its  former  locality,  viz.  the  southern  end 
of  the  leads,  and  at  the  same  height  as  before. 

The  old  RaiH'Gauge  is  a  relic  of  His  Majesty  George  the  Third's  col- 
lection of  Kew  instruments.  Its  aperture  is  a  square  foot.  A  bottle,  the 
neck  of  which  nearly  fits  the  conducting-pipe,  is  placed  beneath  it,  and  a 
glass  cubic-inch  measuring  vessel  is  used  (in  Howard's  manner)  to  ascertain 
the  amounts  of  rain. 

Thermometers,  Hygrometers,  &c. 

The  rA€rmo»ie<er-<tenrf(PlateXIX.),notbeforeclearlydescribed,  and  nearly 
similar  to  that  of  Greenwich,  is  situatea  in  front  of  the  northern  entrance  on 
the  stone  pktform.    The  mean  distance  of  its  face  from  the  wall  (or  door) 
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18  about  5  feet.  The  height  of  the  base  (a*)  from  the  graai  below  the  stept 
is  about  1 1  feet,  and  from  the  stone  platform  3  feet  9  inches. 

A  is  a  wooden  painted  frame  %  feet  6  inches  square. 

a',  a  base-board  attached  to  the  lower  part  of  A,  &c. 

a!^9  the  underside  of  a  strong  piece  (represented  by  dotted  lines)  attached 
to  the  upper  part  of  A,  &c. 

a^f  an  interior  portion  of  a  penthouse  composed  of  very  thin  boards  at- 
tached to  a'  and  a^ 

a\  a  similar  exterior  part  of  the  roof,  nailed  to  three  narrow  fillets,  which 
are  also  attached  to  a^,  and  maintain  an  interval  of  about  an  inch  between  c? 
and  a* ;  thus  allowing  a  free  circulation  of  air  between  them. 

a",  the  remaining  part  of  the  roof. 

a^  and  a?,  rails ;  the  former  adjustable  for  height  above  the  latter.- 

B  is  a  strong  spar  or  post,  firmly  attached  by  wedges,  &c.  to  the  balustrade; 
in  its  upper  end  is  fixed  a  cylindrical  pm,  which  fireely  enters  a  socket  in  the 
central  part  of  a>,  and  allows  A,  with  all  its  adjuncts,  to  be  revolved  on  the 
axis  of  B. 

The  Dry  Standard  Thermometer,  C,by  Newman,  has  a  brass  Fahrenheit 
scale  divided  to  0*5  inch.  It  was  found  on  September  Stlf  1850,  to  resd 
S2?  in  pounded  ice*. 

A  Dry  Thermometer,  D,  by  Ronchetti,  has  an  ivory  Fahrenheit  scale  di* 
vided  to  0*2  inch.  The  tube  and  scale  are  enclosed  in  a  hermetically  sealed 
thin  glass  tube.  The  index  corrections,  when  it  was  compared  with  C  (oa 
September  21,  1860),  were  at'82°  — O'l,  at  54° +  0%  at  78° +  0-5. 

A  Wet'bulb  Thermometer,  E,  by  Ronchetti,  is  exactly  similar  (in  form,  &c.) 
to  D.  The  coating  of  its  bulb  is  of  tafietas,  and  the  conducting  threads  are 
of  fioBS  silk.  Its  index  corrections,  when  it  was  compared  as  a^ve,  were,  st 
82°  -  0-5,  at  64° -0%  at  78°  0*0 

c'  is  a  glass  fountain  which  supplies  the  water.  It  is  mounted  on  an  ad* 
instable  support. 

The  Mason's  Hygrometer,  by  Newman,  was  attached  to  the  stand  at  ahovt 
the  place  of  £  until  September  22,  1860.  Its  index  corrections,  when  it 
was  compared  with  C,  as  above,  were  at  82°  0*0,  at  54°— 0*1,  at  78°— 0'5, 

The  Rutherford  Maxmum  and  Minimum  Thermometers,  PF,  by  Newmao, 
have  boxwood  scales,  the  minimum  divided  to  0*067,  the  maximum  to  0*047 
inch.  The  index  corrections  (as  above  found)  for  the  maximum  were,  at 
S^o^l^'5,  at  64°— 9°*2,  at  78°— 2°*0,  and  for  the  minimum  at  82°— 0*5,  at 
54o_o-4t. 

*  Since  the  above  was  written  compariaons  of  tkia  thennometer  with  standsida,  ande 
here,  gave  the  following  results : — 

Readings  of  Newman's.  Error  of  Newman's. 

32   8-00 

43-5 +0-21 

53-6 +0-42 

62-2 +0-52 

717 +0-54 

81-7 ^ +0-55 

86-6 +0-68 

t  It  is  evident  that  these  instmments  atiadied  to  the  stand  may  be  ahrayi  pioieeted  ftOB 
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A  new  Daniel  Hygrometer^  6,  by  Newman,  has  be^n  used  in  varioue  posi- 
tions. 

The  indek  correcticm  of  its  immersed  thermometer  (found  as  above)  was 
—0*8- 

The  old  Darnel  Hygrcmeter^Qt  by  Newroan^  which  gave  place  to  the  above 
(on  February  1,  1851),  had  a  small  void  in  the  mercurial  column  of  the 
immersed  thermometer. 

The  index  corrections  of  this  instrument,  found  as  above,  were  at  d2^^0'5| 
at  64**-0*8. 

The  Sauseure  Hygrcmeier^  H,  of  eight  hours,  made  by  Richer  of  Paris^  in 
1815,  and  described  id  the  Journal  de  Physique,  tom.xxxiv.,  p.  58,  has  a  scale 
of  100  parts.  Some  experiments  made  in  September  1 850,  seem  to  show  that 
the  range  of  the  index  had  extended  5  divisions  on  the  side  of  *'  humidity," 
and  an  equal  quantity  on  the  side  of  "  dryness." 

An  old  Standard  Thermometer  made  by  Adams,  in  about  1768  probably, 
for  His  Majesty  George  the  Third's  collection,  is  contained  in  a  thick  metallic 
case,  open  in  front.  It  has  a  brass  Fahrenheit  scale  divided  to  0*059  inch. 
Its  index  corrections,  when  it  was  compared  with  C,  as  above,  were  at 
82°-0-5,  at  54°-0-5. 

A  RegnauU's  Hygrometer  and  its  Aepiraior  in  their  original  forms  have 
been  presented  to  us  by  Capt.  Ludlow,  R.E.,  together  with  several  spare 
glass  cisterns  whose  lower  parts  are  formed  of  thin  black  glass,  in  addition 
to  other  cisterns  compounded  of  silvered  and  glass  tubes  united  by  cement. 
These  instruments  have  been  described  by  M.  RegnauU*. 

The  comparisons  of  its  two  thermometers,  No*  151  and  No.  152,  with 
the  Newman's  standard  C,  on  September  28rd,  1850,  gave  the  following 
results  :<^ 

Newman's.        No.  151.  No.  152. 

82^  68°*1  90°-9 

^^h  120*0  1400 

72*5  166-0  178-6 

An  improved  RegnauU* s  Hygrometer  and  Aerator  have  been  made,  and 
may  be  thus  described  : — 

A  (fig.  1,  Plate  XX.)  is  the  cistern,  composed  of  a  light  and  highly-polished 
silver  tube.  A  little  cylinder,  of  solid  glass,  occupies  about  an  inch,  mea« 
sured  from  its  bottom,  and  sather  the  principal  part  of  the  space  above  the 
glass. 

direct  inflaences  of  the  sun's  rajs,  wind,  and  rain  taken  separatelyi  and  sometimes  collectively, 
by  revolving  A  about  B,  but  the  difficalt  problem  of  always  protecting  them  from  all  these 
lafloenoes  limnltaaeoasly,  of  alao  avoiding  the  anomalous  effects  of  radiation  and  humidity 
from  neighbouring  bodies,  and  of  preserving  a  sufficiently  free  circulation  of  air,  has,  I  fear, 
BtUl  to  be  solved. 

*  The  distinguishing  feature  in  the  action  of  M.  Regnault's  admirable  Hygrometer,  aa 
compared  with  that  of  the  Daniel,  is  the  deportation  of  setherial  vapour  from  the  interior  of 
a  Biass  of  Kther  (aa  well  as  from  the  soilace)  contained  in  a  light  metallic  or  glass  cistern, 
by  a  current  of  air  (bubbles)  passed  through  the  aether,  and  cooling  the  cistern  down  to,  or 
beyond,  the  dew-point  The  aspirator,  a  vessel  containing  water,  and  whose  upper  part  com- 
mnnicates  with  the  cistern  of  the  hyerometer  (only)  by  means  of  a  flexible  pipe  and  stop- 
cock, is  employed  to  create  (and  regidate  vrith  great  precision)  the  current  of  air  (and  con* 
le^oittaytlia  rateatwUditks  dstera  is  oookd)by  theflow  of  thowaterfr^im  italo^ 
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of  is  a  brass  cap  soldered  to  A. 

a^  is  part  of  a  small  vent  (or  cock)  opening  into  A. 

a^,  a  tube  (of  the  vent)  with  a  small  aperture  at  the  pointed  end«  whidi 
when  turned  downward,  permits  fluid  (above  the  opening  of  <fi  into  A)  to 
pass  out,  but  when  turned  upwards  that  opening  is  entirely  closed.  By  these 
means  it  is  easily  ascertained  when  aether  enough  has  been  poured  into  A. 

a^  is  a  stop-cock  communicating  with  A  and  D,  and  servii^  as  a  support 
for  A,  &c. 

6  is  the  immersed  thermometeri  the  tube  of  which  passes  (with  cement) 
through  a  little  pipe  soldered  to  a  disc  (not  shown)  which  Irests  upon  a  flange 
in  a\ 

h\  a  ring  (with  milled  edge)  screwed  upon  a\  and  serving  (with  a  leathern 
washer)  to  press  the  disc  (carrying  B,  &c.)  firmly  down  upon  the  flange  in  a*. 

C  is  a  pipe  for  admitting  air  (and  also  for  feeding  A  with  eether)  on  oc- 
casion ;  it  passes  through  the  above-mentioned  disc  (with  cement),  and  ex- 
tends nearly  to  the  solid  glass  cylinder  in  the  bottom  of  A.  Its  upper  end  is 
funnel-shaped.  When  the  instrument  is  not  in  use,  this  end  is  closed  by  a 
milled-headed  stopper  and  leathern  washer  (to  prevent  the  escape  of  setfae- 
rial  vapour). 

D  is  a  brass  column  having  a  cylindrical  bore  throughout  its  length,  ex- 
cepting the  upper  plane  of  the  cube ;  a^  is  screwed  into  the  cube  and  com- 
municates with  the  bore. 

A  glass  shade  may  be  placed  over  A,  D,  &c.,  for  protection  from  rain* 
dust,  &c.  (on  occasion). 

E,  figs.  2  and  d,  is  the  aspirator. 

e*  is  a  pipe  fitted  into  the  bore  of  D,  and  entering 

eS  which  is  a  square  piece  perforated  horizontally  and  ground  to  fit 
exactly  upon 

^,  which  is  a  tube,  closed  by  plugs,  at  its  left  end  and  its  central  part  (in 
the  manner  shown  in  fig.  3).  A  perforation  through  the  (always)  upper  aide 
of  e^  and  through  ^  admits  a  free  passage  of  air,  setherial  vapour,  &c.  from 
e'  into  €^. 

e^  is  a  squared  piece  perforated  horizontally,  and  ground  to  fit  exactly 
upon  e',  but  having  liberty  to  revolve  upon  6*  on  occasion. 

e*,  a  pipe  entering  e^,  and  now  ascending  from  it.  Another  perforation 
through  the  (always)  upper  side  of  e'  admits  a  free  passage  of  air  from  c*  to 
^  when  e*  is  in  the  position  shown. 

e'  is  a  rectangular  vessel  into  which  e^  opens,  very  near  to  its  nom  upper 
surface ;  and  e^  is  soldered  at  the  place  where  it  passes  through  the  fioiv 
lower  surface  of  c«. 

e7y  a  pipe  opening- at  a  small  distance  from  the  now  interior  bottom  of  e*, 
and  from  the  now  interior  top  of 

f",  which  is  a  vessel  exactly  similar  to  e^. 

e'^  is  a  pipe  opening  into  the  now  upper  part  of  e",  and  entering 

e^o,  which  is  a  squared  piece  perforated  horizontally  to  fit  upon  e^,  but 
having  liberty  to  revolve  upon  e^  when  necessary.  A  third  perforation 
through  e^,  at  its  always  lower  side,  and  through  e^^  admits  a  free  passage 
of  air  from  ^  to  e*. 

It  is  evident  that  if  tfi,  in  its  present  position,  should  contain  water,  and 
that  if  a  current  of  air  were  permitted  to  flow  through  e*,  through  the  left- 
hand  hollow  part  of  e^,  and  through  e^,  the  water  would  descend  through 
e^  and  air,  in  ^,  would  escape  through  s^,  and  through  the  riffht-hand  end 
of  ^t  or  {vice  vend)  that  the  descent  of  water  from  e^  to  e^  (through  e?) 
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would  create  a  tendency  to  a  vacuum  in  e*,  which  would  cause  air  to  flow 
through  e\  &c«  into  ^  ;  and  that  when  all  the  water  had  descended  into  e^, 
air  would  cease  to  flow  into  €\ 

e>i  is  a  pipe  entering  e*^  and  openins  into  the  now  lower  part  of  e^,  but 
having  at  present  no  communication  with  ^  (for  there  is  no  opening  in  the 
lower  side  of  ^  at  this  point). 

tfi*,  a  pipe  entering  e^^  and  opening  into  the  now  lower  part  of  e^,  but  at 
present  having  no  communication  with  e'  (for  there  is  no  upper  opening  in 
€*  at  this  point). 

It  is  therefore  also  evident,  that  if  the  vessel  e^  were  made  to  take  the 
exact  position  of  e^  by  simply  reversing  the  whole  aspirator  E,  f.«.  by 
taming  it  on  the  pieces  e*  and  e^^,  the  pipes  e"  and  e^  (which  open  into  e^) 
would  occupy  the  positions  now  occupied  by  e^  and  e^^,  and  that  conse- 
quently air  would  again  flow  through  e ,  &c. 

But  6*  communicates  with  D,  D,  with  the  cistern  A  (flg.  1),  and  A  with 
C,  therefore  air  would  flow  through  C,  would  rise  (in  bubbles)  through  the 
aether  in  A,  carrying  with  it  a  large  quantity  of  sethereal  vapour,  and  would 
pass  through  o^,  D,  and  e\  &c.  (fig.  3)  into  e^,  and  so  on. 

F  (fig.  3)  is  a  strong  table  in  two  i^erpendicular  legs  of  which  notches  are 
cat  for  the  reception  of  the  ends  of  e^. 

/*y*  are  plates,  fitted  to  squares  at  their  ends  and  screwed  upon  those  legs, 
in  order  to  prevent  ^  from  rotation  when  e*  and  ^  are  made  to  exchange 
posidons. 

It  is  not  necessary  to  enter  upon  further  details  here.  The  construction 
presents  no  difficulties  (the  kind  of  work  required  being  principally  that 
which  is  commonly  executed  by  makers  of  stop-cocks,  valves,  Sec);  the  parts 
of  e'  whereon  e*  and  e'o  revolve  are  slightly  conical,  and  clamping  nuts  are 
employed. 

The  apparatus  is  very  effective  and  convenient.  With  aether  of  second- 
rate  quality  the  mercury  has  been  made  to  descend  from  about  63^  to  about 
18^.  Even  pyrolign^us  aether  or  good  naphtha  are  efficient,  but  act  in- 
juriously upon  the  metal. 

The  lower  part  of  A  remains  bright  when  the  other  part  begins  to  be 
clouded  with  dew,  thus  affording  the  advantage  of  contrast  in  the  discovery 
of  the  dew-point,  but  the  line  of  demarcation  is  not  always  perfect  at  first. 
Further  improvements  relative  to  this  object  arecontemplated.  The  freezing- 
point  of  B  (as  determined  on  April  8,  1851)  is  at  82^*2. 

An  Hygrometric  Sliding  Rule,  invented  by  Mr.  Welsh  (of  this  Establish- 
ment), has  been  added  to  our  stock  of  working  instruments.  The  following 
h  his  abstract  from  his  description  of  this  ingenious  contrivance. 

"  The  hygrometrical  sliding-rule  has  6een  devised  for  the  purpose  of  facili- 
tating the  calculation  of  the  results  of  observations  with  the  moist-bulb  hy- 
grometer. The  instrument  is  founded  on  Dr.  Apjohn's  formula,  Dalton's 
valaes  of  the  elasticity  of  vapour  being  adopted.  It  has  been  so  arranged 
as  CO  give  by  inspection  the  values  of  the  following  expressions  :-— 1st.  The 
elastic  force  of  the  aqueous  vapour.  2nd.  The  temperature  of  the  dew- 
point.  Srd.  The  relative  humidity  of  the  air  or  the  ratio  to  complete  satu- 
ration ;  and  4th.  The  weight  of  water  contained  in  a  cubic  foot  of  air.  The 
Kales  were  divided  on  metal  at  Kew  by  the  aid  of  Perreaux's  dividing- 
engbe»  and  afterwards  copied  upon  wood  by  the  optician." 

A  SUmdard  Thermameier  by  M.  Regnault,  No.  ftSl,  has  been  received 
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from  Col.  Sabine.  The  length  of  its  arbitrary  scale  (beantifbUy  etched 
upon  the  tube)  ii  17  inches.  The  range  ie  from  —5  to  +118^1  ttul  ^^ 
number  of  divisions  is  650. 

The  boiling-point  (as  determined  on  April  9,  1861)  is  at  the  591et  dhri* 
sion,  and  the  freezing* point  at  the  lOOdth. 

A  Standard  Thermometer  by  Ronchetti,  has  been  also  received  from  Col. 
Sabine. 

The  freezing-point  (as  determined  on  April  8,  1851)  is  at  the  91^*4 
division. 

A  Machine  for  dividing  right  lines  in  equal  parts,  on  Ramsden's  principle, 
but  very  ingeniously  modified  by  M.  Perreaux,  with  appendages  for  fixiDg 
calibring  and  graduating  thermometer-tubes^  has  been,  very  seasonably, 
imported  and  added  to  our  collection  under  the  auspices  of  Mr.  Gassiot*  The 
important  application  of  M.  Perreaux's  machine  to  the  above-mentioned  and 
other  purposes  was  effected  with  the  aid  and  advice  of  M.  Regnault ;  and 
the  instrument,  together  with  the  modes  of  using  it,  have  been  clearly  de- 
scribed and  illustrated  by  M.  Soulnier  in  a  Report  of  July  8,  1846,  in- 
serted in  the  '  Bulletin  des  Sciences*.' 

Apparatus  for  testing  the  graduation  of  Thermometers,  and  some  for  com* 
paring  them  and  for  determining  the  freezing-  and  boiling-points,  formed 
other  portions  of  Mr.  Gassiot's  valuable  importation. 

BAftOHBTERS. 

The  Mountain  Barometer  by  Newman  {vide  Report  for  1844),  formerly 
suspended  freely,  and  not  quite  vertically,  at  the  N.E.  window  of  the 
Quadrant  Room,  is  now  fixed  at  the  central  window  of  that  room  by  means 
of  an  adjustable  screw  above  and  an  adjustable  bracket  below  for  ensuring 
perpendicularity. 

"  The  frame- work  of  the  barometer  is  of  wood,  a  brass  scale  19  incbea 
long  being  affixed.  The  diameter  of  the  tube  is  0-17  inch.  There  is  no 
adjustment  for  the  different  capacity  of  the  tube  and  cistern.     The  neutral 

!oint  is  29*764  inches.     The  capacity  ^  and  the  capillary  action  4-0*043. 
^he  brass  scale  does  not  extend  to  the  cistern.    The  height  of  the  ciatem 
above  mean  water  is      ." 

A  Standard  Barometer  by  Newman  has  been  sent  by  CoK  Sabine  from 
Woolwich,  and  is  fixed  near  to  the  eastern  wall  of  the  Transit  Room*  It  ia 
mounted  in  a  metallic  frame,  and  is  the  same  in  principle  as  that  made  for 
the  Royal  Society.  It  is  furnished  with  the  improved  iron  cistern  (for  faci- 
litating transport).  It  has  not  been  compared  with  the  Royal  Society  standard. 
"  The  diameter  of  the  tube  (bore)  is  0*55  inch.  The  height  of  its  cistern 
above  mean  water  is  .**  A  thermometer  whose  bulb  is  plunged  in  a  short 
tube  containing  mercury  has  been  fixed  near  to  the  column  on  the  back- 
board, for  temperature  corrections  of  the  column. 

The  PhotO'Barometrographf^\&ced  near  the  central  window  of  the  Quadrant 
Room,  is  the  result  of  several  improvements  upon  experimental  apparatus 
used  here  in  August  1845-t'.    It  has  been  alluded  to  in  former  Reports,  &c., 

*  A  trivial  addition  of  dsmps  has  been  made  hen  for  applying  it  to  the  gradoatkm  of 
magnetograph  scales,  &c. 
t  And  described  in  the  Phil.  Ttans.,  Part  L  for  1847. 
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bttt  has  iiofe  beeD  particularly  described,  because  time  and  opportunity  bave 
searcely  permitted  an  examination  of  its  qualifications  as  to  self-^correction 
for  temperature,  which  was  always  considered  a  principal  desideratum.  The 
experience  obtained  this  year,  of  its  efficiency  to  a  yery  great  (if  not  com- 
plete) extent  in  this  respect,  may  perhaps  be  deemed  a  sufficient  apology 
lor  the  following  details. 

Fig.  1,  Plate  XXI.  represenu  the  instrument  closed  and  at  work  by  day- 
light. Fig.  ft  represents  it  with  some  of  the  cases  withdrawn.  Figs.  S,  4  and  6 
sre  projections  (drawn  to  one-fourth  of  the  real  size)  of  the  barometer  and 
compensating  apparatus  only.  All  the  figures  of  Plate  XXII.  are  sections, 
&c.  drawn  to  one-eighth  of  the  real  site, 

AA^  As  Plate  XXII.,  are  sections  of  the  mahogany  cases  which  constitute 
the  camera.  A^  has  apertures,  or  diaphragms,  about  ft  inches  broad,  through 
the  right  and  left  sides. 

a}  is  frame-work  (composed  of  a  pair  of  brackets,  &c.)  firmly  secured  in 
its  pUce  by  long  bolts  and  nuts,  &c.  at  the  image  end  of  the  camera. 

B  is  the  barometer  compensated  for  temperature,  in  the  manner  to  be  de- 
scribed presently. 
l^t  the  surface  of  mercury  in  its  tube. 

C  is  the  first  condensing  lens,  the  frame-work  and  the  shutter  apparatus ; 
the  whole  supported  by  brackets,  and  forming  the  object^end^f  the  camera, 
c^  c*  are  grooved  pieces ;  between  which  slides,  laterally  and  freely, 
c^,  which  is  a  plate  having  a  rectangular  aperture  about  8  inches  high  and 
2  inches  broad.     It  can  be  made  to  admit  light  to  the  camera  or  exclude  it 
at  pleasure,  by  being  slid  laterally, 
c^  is  a  second  condensing  lens. 

O  is  a  diaphragm-plate.   The  aperture  is  about  •^th  of  an  inch  broad  and 
about  3  inches  high. 
D,  an  Argand  lamp  (of  new  construction,  to  be  hereafter  described)* 
E  is  the  usual  mouth-piece,  consisting  of  the  two  (usual)  angular  pieceSi 
and  of  two  thin  plates  attached  to  their  right  sides,  which  form  the  lips. 

a*,  the  vertical  interval  between  the  lips ;  it  is  about  4  inches  high  and 
about  j^h  of  an  inch  broad. 
P  is  the  slider-case  attached  to  the  pair  of  brackets  at  a^ 
f\  its  lower  side,  is  as  nearly  plane  as  possible.    (It  ihould  be  of  brass  or 
marble.) 

/^,a  spring  roller,  shown  only  in  fig.  IS,  Plate  XXI.,  attached  to  the  interior 
udeofthedoor  of  F. 
/*,  a  narrow  aperture  through  the  central  part  of  the  door  of  F. 
6  b  the  lensrtube,  containing  two  groups  of  achromatic  lenses  by  Voigt« 
lander  (of  Vienna).     The  magnifying  power  is  about  =2  times. 

^f  apparatus*  of  sliding-plate,  &c.,  for  the  support  and  adjustment  to 
tbevsofG. 
U  is  the  sliding-frame. 

A*,  its  door,  with  a  narrow  aperture  near  its  right  end. 
As  &c.,  three  turnbuckles  (sunk  in  A^). 

h\  &c.,  three  springs  attached  to  the  interior  side  of  A^,  and  acting  upon 
tlie  back  of  the  Daguerreotype  plate  (or  upon  a  pair  of  glass  plates,  pressing 
between  them  a  piece  of  Talbotype  paper)  contained  in  H. 
y  (fig-  ^)  represento  the  front  of  that  plate  or  paper  contained  in  H. 
A*  A*  are  studs  containing  rollers.     They  are  attached  to  a  thin  narrow 
plate,  and  constitute,  with  it«  a  kind  of  carriage  which  travels  on/\ 
^  A*,  small  screws  for  retaining  cords. 
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A^  a  brass  plate,  capable  of  sliding  freely  in  a  groove  in  H  and  over  5. 
Its  left  end  is  cut  (in  the  manner  shown)  to  form  a  hook»  which  may  be  made 
o  fit  (or  rest  upon)  alittle  peg  projecting  from  the  back  of  F. 

A7,  a  plate  of  ground  glass  fixed  in  H  opposite  to  the  narrow  aperture  io 
A^  with  its  ground  surface  exactly  in  the  upper  plane  of  y«  Upcm  this  plate 
a  scale  divided  to  ^th  of  an  inch  is  etched. 

When  both  A'  and  H  are  placed  in  F,  A^  before  the  commencement  of  the 
registration,  covers  y  entirely,  and  the  position  of  A'  is  such,  tliat  its  rigbt 
end  stands  at  about  -ji^th  of  an  inch  to  the  lefl  of  e^.  The  image  of  6^  is 
visible  on  the  scale  etched  on  hP  through  the  aperture  of  A^. 

I  is  the  pulley  on  the  barrel  arbor  of  the  time-piece. 

t^  a  small  gut  cord  passing  through  F  and  attached  to  1  and  to  one  of 
the  studs  A«.  . 

tS  a  cord  passing  over 

t^,  a  pulley,  and  suspending  a  weight  (not  shown). 

t^,  a  cord  attached  to  I,  and  sustaining 

t^,  which  is  a  counteracting  weight  rather  heavier  than  the  weight  (not 
shown)  suspended  by  t^ 

t",  a  clamping  milled-headed  nut,  screwed  on  the  barrel  arbor  of  f.  Wheo 
it  is  relaxed  I  can  revolve  freely  on  the  arbor. 

K,  the  case  of  the  time-piece. 

A\  a  pointed  index  fixed  on  K  (and  serving  the  purpose  of  a  hand). 

h\  a  milled-headed  nut  attached  to  an  arbor  passing  through  the  dock- 
plates,  and  connected  with  a  lever  and  fork,  &c.  behind,  which  can  be  made 
to  stop  or  release  the  pendulum  at  any  given  moment  (by  turning  it*)*. 

A^,  the  support  of  K,  and  adjustable  for  height. 

P  P,  bearers  supporting  A,  A^  A^  B,  &c.  (yide  fig.  2). 

Q,  a  cross  bearer  supporting  F,  &c.  (vide  fig.  S). 

All  these  bearers  are  of  well-seasoned  and  straight- grained  deal,  and  bolted 
together  accurately. 

R  is  a  case,  supported  by  rabbeted  pieces  under  P  P,  and  capable  of  being 
slid  to  and  fro.     It  protects  the  lower  part  of  B  from  dust,  &c. 

The  manipulation  and  action  of  that  part  of  the  instrument,  &c*  which  has 
now  been  described  is  (shortly)  as  follows : — 

1  St.  Y  having  been  duly  polished  (in  the  board,  fig.  3,  Plate  XVIII.,  Report 
for  1850),  is  placed  in  H,  and  coated  by  placing  H  in  the  coating  boxes  (fig^ 
5.  Plate  XVIII.  of  same  Report).— 12nd.  A'  is  slid  over  Y  (still  in  the  coatii^s 
box).— Srd.  H,  &c.  is  placed  on  the  carriage  A^  A^  (fig.  S,  Plate  XXII.  of  this 
Report),  resting  at  the  left  end  of/' ;  and,  at  the  same  time,  the  hook  of  A* 
is  fitted  on  a  pin  projecting  from  the  back  of  F.^-4th.  TJie  door  of  F  is 
closed ;  thereby  causing  the  spring  /*  to  press  upon  A^,  and  to  cause  A*  to 
press  upon  the  left  lip  at  e' of  the  mouth-pieceE  {vide  fig.S,  Plate  XXI.  &c.).-— 
5  th.  The  image  of  b^  on  the  ground-glass  scale  hP  may  then  be  observed  through 
the  narrow  apertures  in  the  doors  of  F  and  H,  in  order  to  verify  focus,  &c. — 
6th.  The  time-piece  in  K  is  started,  at  the  proper  moment,  by  means  of  A^ 
The  revolution  of  I  now  causes  H,  &c.  to  move,  at  the  rate  of  half  an  inch 
per  hour,  to  the  right,  carrying  Y  with  it,  but  leaving  A*  at  rest.  Successive 
portions  of  V  are  therefore  exposed  to  the  action  of  light  passing  from  D,  or 
from  a  window,  through  C,  through  c',  through  the  tube  and  vacant  part  of 
B  above  A\  through  G  and  through  e' ;  and  if  h^  varies  its  height,  during 
the  motion  of  H,  &c.,  unequal  portions  of  Y  are  acted  upon  by  &e  light.— 

«  Vide  fig.  7,  Plate  I.,  Beport  for  1850. 
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7th.  At  the  end  of  a  day  (or  any  given  period)  K  is  stopped,  the  nut  t*  is 
relaxed,  and  H  is  drawn  back  (by  pulling  t')  to  its  original  place  in  F. — 
'8th.  H,  together  with  A\  are  carried  into  a  dark  room  (or  closet),  where  Y 
18  withdrawn  from  H  and  placed  in  the  (warmed)  mercury-box. — 9t]i.  When 
taken  out  of  the  mercury-box,  Y  exhibits  a  figure  as  (e.  g.)  y^  y\  fig.  4, 
which  indicates  that  portion  of  Y  which  had  been  exposed  to  light  (in  F), 
the  line  y^  being  the  curve  of  barometric  variation,  and  the  line  ^  its 
abscissa. — 10th.  After  the  usual  washing  in  the  hyposulphite  of  soda-solution, 
Y  is  fitted  to  the  ordinate  and  tracing-boards  (fig.  2,  Plate  XXL,  Report  for 
1849),  and  the  tabulation  and  tracing  processes  are  proceeded  with. 

The  compensating  apparatus  will  be  readily  understood  by  reference  to 
figs.  3,  4  and  5,  Plate  XaI.,  &c. 

6*  is  the  cistern ;  the  glass  cover  of  which  is  accurately  fitted  on  it  and 
clamped,  by  means  of  two  triangular  plates  (vide  fig.  4)  and  three  long  screws. 
This  cover  has  a  neck  through  which  the  upper  part  of  B  has  been  passed 
from  below,  and  the  lower  part  of  B  being  slightly  conical  (the  base  of  the 
cone  being  below),  is  ground  into  the  neck,  so  as  to  suspend  the  cistern  l^ 
securely. 

6^,  a  ring  through  which  the  tube  was  slid  before  a  globular  enlargement 
which  prevents  it  from  sliding  back  again  was  made. 

h^9  a  piece  attached  to  i^  by  two  screws,  and  provided  with  a  little  eye, 
through  which  a  short  untwisted  skein  of  silk  passes  and  sustains  the  whole 
barometer. 

5^,  a  ring  partially  surrounding  the  tube  (vide  fig.  5). 
6^  &c.,  three  adjusting  screws  tor  preventing  accidental  oscillations  of  the 
barometer,  but  not  actually  touching  the  tube. 

6?  V  (fig.  3)  are  two  very  old  and  straight-grained  pieces  of  deal. 
l^  6^,  brass  pillars  connecting  V  h^  by  means  of  screws  and  washers. 
l^  l^f  brass  plates  screwed  upon  6?  IP. 

V^  and  6^^,  rods  of  hard  zinc,  upon  the  ends  of  which  are  soldered  brass 
caps. 

The  upper  cap  of  V^  is  attached  to  l^  at  (by  hypothesis)  an  invariable 
point,  and  its  lower  cap  to  a  joint  at  one  end  of 

6*^,  which  is  a  lever  whose  fulcrum  is  at  about  the  distance  of  one-third 
its  length  from  this  joint.  The  lower  cap  of  6*>  is  attached  to  a  joint  at  the 
other  end  (of  h^^\  distant  two-thirds  of  its  length  from  the  fulcrum.  The 
upper  cap  of  h^^  is  attached  to  a  joint  in 

h^9  which  is  a  piece  capable  of  being  slid  in  a  mortice  by  the  action  of  a 
milled-headed  screw  in 

6*^,  which  is  a  lever  whose  fulcrum  is  at  the  distance  of  about  one-third 
its  length  from  the  joint  in  ¥^.  The  left  end  oih^^  is  provided  with  a  piece 
curved  to  radius  of  its  distance  from  the  fulcrum,  which  distance  is  equal  to 
two-thirds  the  length  of  6*^,  and  this  arc  receives  the  silken  skein  which  sus- 
tains B.  The  fulcrum  of  6>^  is  a  hard  steel  knife-edge  working  in  a  hard 
steel  ring. 

h^^  is  an  index,  of  thin  brass,  attached  to  b^^,  and  pointing  a  scale  en- 
graved on  6^. 

(17  (17  are  screws  which  screw  through  pieces  attached  to  IP  W^  and  bear 
upon  plates  with  sockets  adjustable  on  P  P.  They  are  used  for  small  ad- 
justments for  height,  perpendicularity,  &c.  of  the  whole  frame  (composed  of 
h\  68,  &c.). 

h^^  (vide  fig.  2),  a  piece  projecting  from  the  legs  to  prevent  oscillations  of 
the  said  frame,  but  not  fastened  to-it. 
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It  18  evident  that,  by  this  arrangement,  B  would  descend  through  a  space 
equal  to  about  six  times  the  amount  of  the  expansion  of  6"  or  h^\  occasioned 
by  any  given  increment  of  temperature  (a  quantity  equal  to  the  difference  of 
expansion  between  sine  and  mercury),  provided  that  no  expansion  sboold 
occur  in  b^  b"^ ;  but  b^^  is  made  adjustable  to  a  greater  or  less  distance  from 
the  fulcrum  of  6^^,  for  the  purpose,  not  only  of  compensating  the  expansions 
of  bf  67,  but  for  endeavouring  to  correct  other  obvious  little  sources  of  < 


MAONBTOa&APHS. 

The  Dwtinatiam  Magt^etograph,  placed  between  the  piers  of  the  (t 
ferred)  transit  instrument,  and  described  in  the  Phil.  Trans.,  Part  I.  1S47» 
has  undergone  the  following  improvements : — 

The  index  (b^)  which  was  formerly  used  in  producing  the  curve  on  paper, 
has  given  place  to  a  moveable  shield,  with  its  slit  similar  to  6^  of  fig.  1, 
Plate  y.,  Report  for  1849. 

A  diaphragm  plate,  similar  to  O,  has  been  added,  with  provision  for  ad« 
justing  it,  on  the  marble  slab,  in  the  direction  of  the  length  (of  the  slab).. 

A  fixed  shield,  like  o^  has  been  attached  to  O,  with  the  intervention  of  a 
pair  of  sliders,  moveable  vertically  and  horisontally,  by  means  of  micrometer 
screws,  which  allow  it  to  be  returned  to  its  place  if  derangement  in  either  of 
these  directions  should  occur ;  and  the  adjustments  of  O,  on  the  slab,  de- 
termine its  proper  horizontal  distance  flrom  bK 

A  socket  has  been  fixed  upon  the  lamp-support,  which  guides  the  lamp 
into  a  constant  position  when  exchanged  at  about  sunrise  for  a  plane  minor, 
for  which  a  similar  kind  of  guide  has  been  provided. 

This  mirror  is  at  presenjt  necessary  for  reflecting  daylight  into  the  camera 
from  a  window  (the  locality  not  permitting  direct  daylight  to  enter  it),  and 
consequently  it  is  also  necessary  to  keep  the  mouth  at  E  much  more  opened 
than  the  mouths  of  the  other  two  magnetographs,  in  order  to  compensate  the 
loss  of  light  by  a  longer  exposure  of  the  photographic  surfaoe  in  the  slider 
(H)  to  its  influence ;  this  has  (evidently)  a  bad  effect  upon  the  magnetic 
curve,  particularly  on  occasions  of  considerable  and  sudden  magnetic  dis- 
turbances. 

The  microscope  (/*)  has  l)een  made  capable  of  being  slid  laterally,  in 
order  that  tlie  image  on  the  ground*glass  (at  e^)  may  be  viewed  more  di« 
rectly ;  for  the  principal  part  of  what  was  berore  mistaken  for  other  kind  of 
aberration  arose  in  fact  from  the  circumstance  of  viewing  the  image  obliquely 
through  the  microscope. 

The  sliding-frame  H  has  been  provided  with  a  scale,  etched  upon  a  piece  of 
ground-glsss,  to  serve  for  verifying  scale-coeflicients,  &c.  The  scale  is  divided 
to  fiftieths  of  an  inch,  corresponding  to  the  divisions  of  the  T  square  nsecl 
with  the  scale-board  (fig.  2,  Plate  IV.,  Report  for  184>9).  Also  an  additional 
pair  of  rollers  like  b^,  fig.  2,  has  been  attached  to  the  left  side  of  H ;  and  an 
additions!  ring  has  been  fixed  on  the  bottom,  in  order  that  the  frame  may  be 
employed  in  an  inverted  position  in  the  slide-case  (F),  and  that  thos  the 
trouble  of  either  preparing  two  plates  per  diem,  or  the  necessity  and  risk  of 
withdrawing  from  and  replacing  the  one  plate  in  H  (at  12  p.v.)  might  be 
avoided*. 

These  and  some  other  little  ameliorations  in  this  instrument  were  made 

*  It  was  not  originally  intended  that  the  plate  should  be  inverted  (vide  fig.  2,  Plate  XXL) 
for  the  purpose  of  procuring  the  two  new  lines  and  the  two  curves  on  it.  The  eflbet  of  the 
new  axTSiigeiiieot  has  been,  in  a  few  instances  of  magnetic  distvbance,  to  ocmtiaot  the  ield 
on  the  plate  for  the  range  of  the  image  of  the  slit  so  much  ss  to  vujkQiifi  a  psit  of  theeurftb 
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With  a  view  of  adapting  it  to  the  course  of  experimental  trials,  as  well  as  its 
wooden  supports  and  other  wooden  appliances,  and  the  use  of  a  mirror  (aa 
above)  would  permit.  It  was  well  known  to  Col.  Sabine  and  to  other  gen- 
tlemen of  the  Kew  Committee,  &c.,  before  those  trials  began,  that  although 
a  long  series  of  good  curves  on  paper  had  been  produced  in  1846,  and  some 
exhibited  at  the  Royal  Society  in  1847,  yet  no  expectation  of  accuracy  ap- 
proaching to  that  obtained  by  the  other  two  magnetographs,  as  regards  .di« 
stinctneas  of  the  curves,  &c.,  was  ever  entertained.  It  may  be  also  remarked 
that  its  locality  is  a  passage  room,  and  is  used  for  several  other  purposes. 

The  arc  value  of  1  inch  or  50  divisions  of  the  ordinate  scale  for  this  in- 
strument ia,  when  corrected  by  the  toraion  coefficient,  28*71  (vide  p.  S6ftf 
poii,). 

The  time  of  tranait  of  a  given  point  of  the  photographic  aurface  over  the 
mouth  at  (e^)  ia  about  6^  minutea  (aa  formerly  aacertained). 

The  Horizontal'Farce  Magnetograph,  placed  on  the  atone  bracketa  aplidly 
attached  to  the  great  quadrant  wall  (and  deacribed  in  the  Report  for  1849, 
&c*),  has  undergone  the  following  alterations  :— 

A  damper,  S  inches  broad,  i  inch  thick,  and  havidg  its  interior  horizontal 
aurfaces  about  1  inch  apart,  has  been  substituted  for  the  former  damper  (6*), 
about  i  inch  broad,  with  its  interior  surfaces  about  1^  inch  apart.  This  va- 
riation was  kindly  suggested  by  Dr.  Faraday  on  a  visit  to  Kew,  and  has 
proved  (as  he  anticipated)  a  very  profitable  one.  The  magnet,  which  always 
performed  well,  has  been  rendered  remarkably  steady  by  this  improvement, 

A  new  thermometer  (by  Cary),  the  tube  of  which  passea  through  a  atopper 
io  the  top  of  the  caae,  haa  been  affixed. 

Screena  have  been  placed  between  the  lamp  and  the  caaea  for  protection 
of  the  magnet  againat  the  heat  of  the  flame. 

The  aliding-frame  (H)  haa  been  treated  in  exactly  the  aame  manner  aa 
that  of  the  declination  magnetograph. 

The  arc  value  of  1  inch  of  the  ordinate  acale  ia  109*4. 

The  diameter  of  the  pulley  (at  t^)  ia  0*464  in. 

The  diaunce  of  the  enda  of  the  wire  (at  S)  ia  0*418  in.|  and  the  angle  of 
toraion  64^*45. 

The  temperature  corrections  on  December  14  were,  at  55^*8^0*00081^1 
and  at  76''*jes:0-000844. 

The  time  of  paaaage  of  a  point  of  the  photographic  aurface  over  the  mouth 
ff^  ia  about  1^  minute  (vide  p.  360,  pott.). 

A  new  Vertical-force  Magnetograph  haa  been  constructed  and  6xed  upon 
the  three  corbels  (already  mentioned)  on  the  quadrant  wall.  Ita  magnet  is 
nearly  perpendicular  to  the  plane  of  the  aatronomical  meridian,  the  locality 
not,  at  present,  permitting  a  more  favourable  disposition. 

This  inatrument  ia,  in  moat  respects,  similar  to  the  vertical-force  magne- 
tograph which  was  sent  to  the  Toronto  Observatory,  and  described  in  the 
Report  for  1850. 

The  following  little  variations  and  additions  have  been  made  :-*- 

The  four  brass  pillars  (Q,  fig.  1,  Plate  II.  of  that  Report)  have  been  tem- 
porarily removed,  the  intermediate  corbel  sustaining  the  magnet,  &c.  con- 
tained in  the  case  V*. 

*  The  slab  X  rettt  apoa  the  two  oorbels  whioh  are  used  instead  of  the  piers  P"  and  P", 
ilg.  1,  FUtes  I.  &  jy.,  Report  for  18492  and  the  slab  R,  fia.  1,  Plates  I.  &  U.,  Report  for 
1850,  was  at  first  supported  by  the  strong  bolts,  nuts,  &c.  of  the  pillars  Q,  only  very  near  to 
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An  improved  mode  of  attaching  the  diaphragm  plate  O,  figs.  1  &  2|  to  the 
slab  X  has  been  adopted,  whereby  the  horizontal  distance  between  the  two 
shields  b^  and  o'  is  now  very  easily  adjusted. 

A  screen  has  been  (occasionally)  interposed  between  the  lamp  and  the 
camera. 

A  new  long-tubed  thermometer  (by  Gary)  has  been  affixed  to  the  magnet 
case. 

The  sliding-frame  H  has  been  treated  in  the  same  manner  as  that  of  the 
declination  magnetograph  (vide  p.  350|  ante). 

The  temperature  corrections  of  this  magnet  were,  on  December  I4f,  1850, 
at  50°-4=:0-000288  and  at  71  °-5= 0-000319. 

The  time  of  vibration  (with  its  shield  arm  l^  and  all  other  appendages)  in 
a  horizontal  plane  was, — March  31,  at  a  temperature  of  5^°,  =17*9  seconds, 
and  in  a  vertical  plane  at  53°,  =20  seconds ;  but  its  time  of  vertical  vibnitioo 
has  been  found  several  times  altered  since  that  day. 

The  arc  value  of  I  inch  or  50  divisions  of  the  ordinate  scale  is  76*23. 

The  transit  of  a  given  point  of  the  photographic  surface  over  the  mouth 
(e^)  is  1^  minute  (vide  p.  361,  post,). 

Apparatus  used  in  ascertaining  arc  values  of  the  ordinates  of  the  curvei 
and  errors  from  distortion,  &c.  has  been  made.  It  is  of  a  very  simple  kind, 
but  may  be  said  to  consist  of  four  parts. 

The  first  is  a  plate  of  transparent  glass,  about  3}  inches  long  and  f  ths  of 
an  inch  broad»  supported  by  a  pair  of  pillars,  &c.,  and  having  a  scale  etched 
upon  it  divided  to  -j^th  of  an  inch. 

The  second  is  a  plate  of  glass,  ground  to  semi-transparency  of  similar 
dimensions,  fitted  into  a  frame  and  similarly  divided. 

In  making  use  of  these  two  to  ascertain  the  magnifying  power  of  the  lenses, 
the  transparent  scale  is  placed  with  its  undivided  face  in  contact  with  the 
fixed  shield  (o^)  of  all  the  plates  of  magnetographs,  its  scale  occupying  the 
locus  of  the  slit  itself  in  the  moveable  shield  (5^)  (if  the  magnet,  &c.  were  in 
position),  and  the  semi-transparent  plate  is  placed,  with  its  undivided  face,  in 
contact  with  the  mouth-piece  (E),  its  scale  occupying  the  locus  of  the  Image 
of  the  slit  in  the  moveable  shield  (the  thickness  of  both  plates  being  properly 
adapted  to  the  purpose). 

The  lenses  (of  G)  are  then  adjusted  to  bring  the  image  of  the  first^neo- 
tioned  scale  into  focus  as  nearly  as  possible  upon  the  second  scale,  so  that 
the  image  of  the  first  scale  and  the  second  scale  itself  can  be  conjointly  and 
scrupulously  examined  by  the  microscope  (/^)  and  the  corresponding  read- 
ings noted. 

The  third  part  is  merely  a  long  scale,  &c.  which  is  employed  to  measure 
the  exact  distance  between  the  common  axis  of  motion  (of  the  magnet,  the 
shield-arm,  cSrc.)  and  the  moveable  shield. 

The  fourth  is  (applicable  to  vertical  force  instruments  only)  for  measu- 
ring the  radius  from  the  knife-edge  (at  b^)  to  that  part  of  the  slit  in  the 
moveable  shield  which  produces  a  corresponding  spot  of  light  at  the  moutb 
(e^)  upon  the  second  glass  plate. 

one  of  the  above-mentioned  two  corbels.  The  new  short  corbel  is  a  BnbBtltirte  for  the  abort 
pier  P«,  fig.  1,  Plate  I.,  Report  for  1850,  but  this  substitntion  has  been  here  found  nnnc- 
cessary  (vide  p.  361 ,  pot/.).  The  original  plan  of  supporting  this  land  of  instrument,  L  e.  tbtf 
method  described  in  the  Keport  for  1850,  where  the  short  pier  and  the  pillars  are  used  con- 
jointly, and  where  no  pier  sustains  the  extremity  of  the  slab  X,  is,  however,  hr  prefenl^ 
perhaps. 
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It  consists  of  a  pair  of  sliding  tubes,  the  outer  fixed,  exactly  at  right* 
angles,  to  a  little  base  of  copper,  and  a  shield  with  a  slit,  similar  to  the  ordi* 
nary  moveable  shield  (o^),  6tted  to  the  upper  end  of  the  inner  tube. 

In  using  this  the  copper  base  is  made  to  rest  upon  the  agate  planes  (at  <^) 
In  lieu  of  the  ordinary  knife*edge  of  the  magnet ;  the  inner  sliding  tube  is  then 
slid  up  or  down  until  the  slit  in  the  shield  comes  to  about  its  proper  height 
in  the  plane  of  the  ordinary  moveable  shield.  Its  edge  is  now  marked  ex- 
actly at  that  point  which  produces  a  corresponding  point  in  its  image  at  the 
mouth  (^),  and  the  instrument  being  removed  from  the  agate  planes,  the 
distance  from  the  lower  surface  of  the  copper  base  to  the  point  marked  at 
the  edge  of  the  slit  is  easily  measured,  and  is  evidently  the  radius  required*. 

The  apparatus  which  has  now  been  described  affords  us  a  much  more  con- 
venient means  of  obtaining  the  required  values  than  a  mirror  or  a  collimator 
(attached  to  the  stirrup,  &c.),  since  the  shield-arm  (^)  of  the  declination  and 
horizontal-force  magnetographs  must  have  the  same  angular  motion  as  the 
magnet,  and  it  can  (as  formerly  shown)  be  properly  adjusted  in  azimuth 
about  the  common  axis  of  motion :  also  there  is  a  provision  at  the  base  of 
the  vertical-force  magnet-support  which  permits  a  proper  horizontal  adjust- 
ment for  the  position  of  the  moveable  shield  of  that  instrument. 

I'he  6rst  parts  may  be  said  to  be  modifications  of  contrivances  which  have 
been  formerly  used  for  purposes  of  the  same  kind  as  those  to  which  they  are 
applicable.  (They  are  not  quite  so  accurate*  but  a  little  more  convenient  f.) 

The  Scak  Boards  Lent,  &c.  used  in  tabulating  all  the  self-registered  curves 
remain  as  described  at  p.  85,  Report  for  1849. 

A  Drawing  Board  with  Clamps  is  used  for  securing  the  gelatine  paper  and 
Daguerreotype  plate  firmly  in  their  places  for  the  tracing  process. 

A  Sliding-rule,  invented  by  Mr.  Welsh,  has  been  constructed  on  the  same 
principles  as  that  described  at  p.  3^5,  "  for  converting  the  observed  changes 
of  the  horizontal  and  vertical  components  of  magnetic  force  into  variation 
of  dip  and  total  force." 

A  few  specimens  of  the  earlier  and  latter  Daguerreotype  curves  on  their 
silvered  plates  have  been  preserved ;  also  some  gelatine  tracings,  some  im« 
pressions  printed  from  the  gelatine  tracings  on  bank-note  paper,  and  some 

*  Great  inconvenience  and  (probably)  damage  to  the  knife-edge  would  ensne  from  any 
attempt  to  acquire  this  measurement  by  means  of  the  shield-arm  (M),  itself  in  position. 

t  The  magnifying  power  of  the  lenses  of  the  Declination  Magnetograph  was,  in  1846, 
ascertained  by  marking  with  angular  notches,  a  space  of  about  fths  of  an  inch  on  the  edge 
of  a  thin  lamina  of  brass,  placed  in  the  plane  of  the  moveable  index,  and  by  comparing  the 
length  of  the  image  projected  upon  ground  glass  at  the  place  of  the  mouth  (E)  of  the  said 
space  with  the  space  itself  (on  the  sbp  of  brass). 

The  above>mentioned  transparent  glass  scale  is  a  modification  of  a  metallic  screen  provided 
with  a  series  of  slits,  formerly  used  (and  described  at  p.  181,  Report  for  1850)  in  adjustments 
for  focus,  and  a  plate  is  preserved  exhibiting  good  and  equally  distinct  impressions  of  the 
images  of  those  sUts. 

The  distortion  occasioned  by  the  use  of  a  plane  in  lieu  of  a  curved  nmhct  to  receive  the 
image,  was,  from  the  flrs^  a  subject  of  great  solicitude.  It  was  no  easy  task  to  obtain  a 
tolerably  "  flat  field"  from  so  large  a  lens-aperture  as  I  am  obUged  to  employ  upon  an  object 
much  removed  sometimes  from  the  axis  of  the  lenses  and  at  a  short  distance  from  them, 
whilst  the  lenses  were  required  to  magnify  several  times  in  the  conjugate  focus. 

In  November  1849,  Mr.  Fred.  Ayrton  promised  to  procure  for  me  from  Paris  some  vary 
finely  divided  scales,  for  the  mouth-piece,  on  semitransparent  horn,  **  for  reading  the  arcs  of 
vibration  descdbed  by  the  magnet  in  its  diurnal  variations." 
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lithographic  impressions  printed,  by  first  procuring  in  the  copper-plate  press 
an  impression  from  the  gelatine  tracing  itself,  on  the  lithographer's  **  Transfer 
Paper/'  and  by  then  printing  from  that  impression  transferred  to  the  stone 
(as  usual)*. 

TheJpparaius  of  Polishing'boardst  Coating  and  Mercurializing  BoxeB^  &c^ 
remains  nearly  as  described  at  p.  184,  Report  for  1850. 

Four  small  polishing  boards  of  this  kind  have  been  made,  and  seem  to  be 
improvements  upon  the  frames  employed  by  Daguerreotypists  usually. . 

Mr.  Dent's  Chronometer,  a  Sextant,  and  an  Artipicial  Horizoh, 

have  been  used  for  keeping  Greenwich  mean  time.  The  two  latter  instru- 
ments were  sent  by  Colonel  Sabine  from  Woolwich. 

The  Apparatus  not  (or  vert  little)  used 

in  this  year,  and  belonging  to  the  Association,  or  on  loan  to  it,  is  enumemlcd 
in  our  MS.  catalogue  with  all  the  above. 

Books 

presented  to  the  Association  by  foreign  Societies  and  by  individual  Donors  in 
this  year  have  been  added  to  our  little  library,  which  now  comprises  aboat 
1 50  volumes,  exclusive  of  pamphlets  and  of  the  M  S.  Catalogue  of  Stars,  &g.  ; 
the  remaining  number  of  complete  sets  of  the  Reports  of  the  Assodation 
(to  July  81,  1850  inclusive)  at  Kew  is  24. 

Some  of  the  Rotal  Society's  Instruments 
sent  here  very  recently  for  careful  preservation  will  be  forthwith  catalogued. 

II.  OBSERVATIONS. 

The  observations  at  Kew  in  this  year  have  chiefly  relateil  to  investigations 
on  the  interesting  subject  of  Frequency  of  atmospheric  electricity,  and  a  pro- 
minent objector  the  inquiry  has  been  the  attainment  of  data  for  the  addition 
of  proper  apparatus  to  a  Photo- electrograph  of  the  kind  formerly  described tt 
whereby  the  study  of  this  subject  may  be  fucilitated  by  means  which  appear 
to  me  peculiarly  well  calculated  for  the  purpose. 

The  form  of  our  Electro-meteorological  Journal  remains  as  described  in 
my  Report  for  1 844,  with  the  exceptions  observable  in  the  annexed  specimen 
and  the  following  revised  account. 

In  column  A  is  stated  the  time  of  each  observation  by  the  Dent'a  chrono- 
meter, which  "  was  kept  always  very  near  to  Greenwich  mean  time  by  occa- 
sional sextant  observations  of  the  sun  and  by  casual  comparisons,  by  means 
of  a  pocket  watch,  with  standard  clocks  in  London.  The  epochs  noticed  in 
this  column  are, — Ist,  the  time  of  the  barometer  observation*  which  waa  about 
the  middle  time  of  the  ordinary  meteorological  observations.  The  tempera* 
ture  of  the  air  and  the  hygrometer  were  observed  before  the  barometer,  and 
the  wind,  weather,  &c.  immediately  thereafter ;  2nd.  the  time  of  observing 
the  electrical  tension  of  the  air  and  of  the  commencement  of  tlte  frequency 
observation ;  and  «^rd,  the  time  when  the  electrometer  was  considered  to  have 
re-acquired  its  full  tension  After  discharge." 

*  The  tabidstiont  and  gelatine  tracings  produced  during  **iht  coune  of  experiuentil 
triali,"  will,  at  iu  termitiatioD,  belong,  1  preflume,  to  the  Rovsl  Society  (by  agresmeBt). 
t  Vide  PhU.  Trans.  Pt.  I.  for  1847. 
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III  colamn  B  the  letter  P  indicates  a  positive  and  N  a  negative  charge  of 
the  conductor,  ftc,  as  ascertained  by  the  use  of  the  Distinguisher. 

Id  C  and  D  the  electrical  observations  of  tension  are  noted  as  observed  by 
means  of  the  Volta-  and  Henley-electrometers.  The  letter  V^  refers  to  Volta's 
standard  electrometer  (whose  scale  is  divided  in  half-Paris  lines  as  stated), 
and  V^  to  his  secotid,  whose  scale  divisions  are  each  equal  to  5  of  the  V^  (as 
also  stated).  The  value  of  tension,  as  observed  by  means  of  V>,  is  set  down 
in  terms  of  V* ;  the  letter  H  refers  to  the  Henley,  one  degree  of  whose  scale, 
m  the  lower  readings,  is  equal  to  about  100  divisions  of  Volta.  (It  has  sel- 
dom been  used  for  the  frequency  observations.) 

The  columns  £,  F,  G,  H  have  not  been  used. 

In  I  are  contained  from  3  to  7  daily  results,  carefully  obtained  between 
September  10,  1850,  and  March  S9,  1851,  by  methods  somewhat  differing 
(mm  those  which  were  adopted  under  instructions  to  the  observer  last  year. 

"  Slips  of  paper,  about  18  inches  long,  were  affixed  to  the  observer's  clock. 
The  brass  time-scale,  which  is  divided  in  accordance  with  the  rate  at  which 
the  index  travels  over  the  paper,  was  applied  to  the  slips,  and  spaces  corre- 
sponding to  every  60  seconds  marked  off  on  the  paper.  At  commencing  a 
'Frequency  observation,'  the  tension  was  noted,  the  index  was  set  to  the 
aero  division  on  the  paper,  and  the  clock  started ;  the  electrometer  being  at 
the  same  instant  discharged.  As  the  index  came  successively  over  each 
nark,  the  tension  was  observed  by  the  electrometer  and  the  scale  reading  re-  ^ 
eorded  against  the  mark  on  the  paper.  These  observations  were  continued 
(for  the  most  part)  until,  from  the  progression  of  the  readings,  the  conductor 
itemed  to  have  acquired  the  ftdl  tension  corresponding  to  the  electrical  state 
of  the  air  at  the  period.  The  inverse  measure  of  frequency  adopted  is  the 
number  of  minutes  between  the  time  when  the  electrometer  is  discharged, 
snd  the  time  when  the  readings  of  the  electrometer  have  again  attained  to 
one-half  of  their  fbll  amount.  As  the  observations  were  in  general  continued 
until  the  tension  shown  by  the  electrometer  had  reached  its  full  amount,  we 
kave  thus  a  means  of  approximately  allowing  for  the  change  in  the  electrical 
teosion  of  the  air  during  the  progress  of  the  experiment.  The  numbers  given 
in  Ae  column  *  Frequency,'  are  therefore^  when  the  change  of  tension  has  not 
heen  great,  got  in  this  way,  viz.  half  the  mean  between  the  tension  shown 
hefore  discharging  the  conductor,  and  that  after  the  scale  readings  have  again 
become  constant,  is  taken ;  and  the  interval  of  time  after  discharge  corre- 
sponding to  this  reading  is  taken  as  the  '  Frequency.' " 

In  column  K  are  contained  the  original  readings  of  the  mountain  baro- 
meter until  January  9,  1851,  and  of  the  standard  barometer  after  that  time. 

In  L  the  readings  are  those  of  the  annexed  thermometers,  whose  bulbs  are 
immersed  in  the  mercury  of  the  cisterns. 

In  M  the  corrections  of  the  mountain  barometer  embrace  temperature 
corrections  as  applied  to  glass  scales,  given  in  the  Report  of  the  Committee 
of  Physics  of  the  Royal  Society,  which  corrections  were  necessary*  because 
the  brass  scale  does  not  extend  to  the  cistern.  "  All  the  observations  of  this 
instrument  have  been  corrected  for  temperature,  capacity  and  capillarity." 

"  The  observations"  of  the  standard  "  are  all  corrected  for  temperature  by 
Schumacher's  tables.     No  corrections  have  been  applied  for  capillarity." 

It  was  found  by  fifty  comparisons,  made  with  due  precautions,  &c.,  that 
"the  mountain  barometer  read  0*02  inch  higher  than  the  standard.  All  the 
observations  previous  to  January  9,  1851,  will  therefore  require  a  correction 
of  —0*02  to  make  them  comparable  with  those  after  that  date." 

In  M  the  rea<tings  are  those  of  ^e  Rutherford  minimum  and  maximum 
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thermometers  attached  to  the  stand.  "  The  index  corrections  have  been 
applied.  The  minimum  temperature  was  generally  read  at  lO''  a.m.  and  the 
maximum  at  sunset." 

In  O  are  contained  the  corrected  readings  of  the  dry  standard  thermom^ 
ter  by  Newman,  until  September  22  (2$^),  and  of  Ronchetti's  dry  after  diat 
date ;  both  affixed  to  the  stand. 

In  P  are  contained  the  corrected  readings  of  the  small  wet-bulb  thermo- 
meter by  Newman,  which  belonged  to  the  Mason's  hygrometer,  until  Sep- 
tember 22  (2S*^),  and  of  Ronchetti's  wet-bulb  after  that  date. 

In  Q  the  differences  between  the  readings  of  the  dry  and  wet  thermometers 
are  stated. 

In  R  is  contained  the  observed  dew-point  by  the  old  Daniel  hygrometer 
until  February  1,  1851.  The  little  break  in  the  mercurial  column  of  the 
immersed  thermometer  of  this  instrument  occasioned  probably  **  no  appre- 
ciable error  in  the  observations,  as  a  strict  watch  was  kept  on  the  constancy 
of  the  break."  After  February  1  the  dew-point  was  observed  by  the  new 
instrument.  *'  The  observations  of  dew-point,  as  entered  in  the  Joumali 
have  not  been  corrected  for  index  error." 

S  has  been  scarcely  used. 

In  T  are  contained  some  occasional  readings  of  the  Saussure  8-haired 
hygrometer,  not  corrected  for  the  error  of  its  scale. 

In  U  and  V  are  contained  the  resultsof  observations  of  the  rain-  and  vapow- 
gauge.  The  mode  of  using  it  was  as  formerly.  "  The  reading  was  noted 
and  the  index  set  to  zero  at  sunset.  When  the  reading  showed  that  tbe 
evaporation  had  been  greater  than  the  precipitation,  the  re^lt  was  noted  in 
column  U  ;  and  when  the  reverse  was  the  case,  the  entry  was  made  io  co- 
lumn V." 

In  W  is  contained  the  amount  in  cubic  inch  measure  of  precipitation  be- 
tween sunset  and  sunset,  ,as  ascertained  by  means  of  the  old  Rain-ganp 
and  measure. 

In  X  the  direction  of  the  wind  is  noted,  as  shown  by  the  Vane  on  ibfi 
Dome. 

In  Y  the  static  pressure  of  wind  is  noted  from  observations  of  the  Baboce 
(standard)  anemometer,  used  as  formerly*. 

In  the  space  (t.  e,  a  page)  headed  General  Remarks,  &c.,  the  figures 
adjoining  the  margin  denote  the  estimated  "  Extent  of  cloudy  sky,  a  cleir 
sky  being  considered  0,  and  a  complete  covering  of  clouds  10." 

'*  The  general  remarks  and  occasional  observations  include  the  kinds  of 
clouds  prevalent,  general  remarks  on  the  weather  and  meteorological  ph8^ 
nomena,  and  notes  on  the  electrical  observations." 

They  comprise,  in  addition,  notices  when  the  Lamp,  in  the  Volta's  lantern, 
at  the  head  of  the  conductor  was  known  to  be  not  burning,  or  burning  low. 

Both  that  lamp  and  the  lamp  which  warms  the  glass  support  of  the  con- 
ductor, &c.,  were  constantly  burning,  with  the  above-mentioned  rare  excep- 
tions.   They  were  trimmed  three  or  four  tiroes  per  diem. 

A  few  other  matters  relative  to  the  management,  &c.  of  the  apparatus,  &c 
are  stated  in  this  space. 

Olive-oil  was  burnt  in  the  lamps. 

The  average  number  of  either  compoundf  or  single  daily  electrical  ohie^ 

*  The  Btrometert,  Thermometen,  HyKrometen,  &c,  have  been  alluded  to  at  pp.  S^lf  ^ 
and  343,  anti. 
t  Acomponnd  observation  is  nnderstood  to  comprehend  the  notesof  tension  recorded  as 
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858  REPORT — 1851. 

▼ations  recorded  in  the  Journal  between  September  10  and  30,  u  about 
four.  These  were  generally  made  at  about  9  and  1 1  a.m.,  and  1 , 3  and  j»  f.il 
The  daily  mean  number  between  October  1  and  March  2S  is  nearly  ox, 
usually  made  at  about  7  and  10  a.m.,  and  1,  4,  7  and  10  p.m.,  at  about  ooe 
hour  after  sunrise  and  at  about  sunset. 

The  mean  number  of  daily  compound  observations  recorded  iat  from  Sep- 
tember 10  to  30,  about  three,  and  from  October  1  to  March  28  about  five; 
the  highest  monthly  mean  is  seven  (in  October). 

Some  of  the  circumstances  which  have  operated  to  prevent  the  chooen 
number  of  eight  daily  observations  having  been  uniformly  completed,  were,— 
absence  of  flame  in  the  lantern  occasioned  by  high  wind,  &c. ;  great 
and  irregular  disturbance  of  the  pendulums  of  the  electrometers  occaaioDed 
by  dust,  &c.  injuring  the  insulation,  violent  wind  suggesting  the  caution  of 
securing  the  conductor  from  damage  by  means  of  stays  (of  cord)  attached 
to  it ;  violent  wind  and  rain ;  the  necessary  absence  of  the  observer ;  and 
the  intervention  of  Sundays  (but  even  on  these  days  three  observatiops  hafe 
been  almost  constantly  made  at  about  7,  9  and  10  a.m.). 

Five  instances  only  are  recorded  of  absence  of  signs,  but  the  gold-leaf 
electroscope  was  not  used.  These  were— on  January  9^  ftO^  60',  on  March 
fid  V  0',  on  March  6^  3^  57',  on  March  10*  4*^  4',  and  on  March  19*  S^  57'. 
and  were  marked  cases  of  disturbance.  In  two  or  three  of  these  instanod 
the  circumstances  of  weather  were  precisely  those  in  which  the  atmosphere 
itself  has  been  commonly  believed  to  be  totally  uninaulating,  vis.  those  of 
great  and  long'continued  humidity.  On  March  10  the  readings  were  h^ 
and  negative  in  several  observations  before  that  at  4^  4',  and  positive  in  seve- 
ral afterwards ;  a  state  of  transition  might  therefore  have  existed  at  the  ob- 
servation at  4**  4'  *. 

.  Some  of  the  above-mentioned  circumstances  have  operated  much  molt 
frequently  in  unfitting  a  compound  observation  for  employment  in  the  frt- 
quency  deductions  (entered  in  column  I.),  than  in  preventing  an  observatioa 
entirely ;  and  some  even  of  those  entries  were  obtained  under  circumatanoei 
of  weather,  conditions  of  the  apparatus,  &c.,  which  render  them  somewfalt 
objectionable  in  discussion. 

This  (so-called)  Frequency  course  terminated,  necessarily,  at  the  end  of 
March  (in  order  that  the  Magnetic  course  might  commence  (on  April  1)); 
but  between  April  14  and  May  14  about  forty  single  electrical  observation^ 
accompanied  by  others  for  pressure,  temperature,  &c.,  as  above,  were  re- 
corded at  rather  irregular  intervals ;  most  frequently  at  about  10  a.m.,  4r.il* 
and  10  p.m. 

III.  EXPERIMENTS,  &c. 

The  principal  operations,  &c.,  of  which  I  set  down  a  brief  summary  under 
this  head,  scarcely  commenced  before  September  1850.  A  classified  state- 
ment may  perhaps  be  found  more  convenient  than  an  enumeration  of  then 
in  the  exact  order  of  their  dates  would  have  been. 

Horizontal-force  Magnetograph, 
On  August  3 1,1 850,  this  instrument  was  rendered  more  sensitive  than  it  bad 

the  *'  frequency  paper/'  and  employed  in  deducing  the  value,  in  inverse  proportioo,  of  fit- 
quency  set  down  in  column  I.  (vide  p.  354,  ante), 

*  Rain  attended  the  four  last-mentioned  observations.  It  may  possibly  have  Men  frsa^ 
a  neutral  part  of  a  doud  or  stratum,  electrified  by  induction,  and  may  not  have  aoqnired  a 
sensible  charge  in  its  descent. 
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hitherto  been,  hj  sttbstiCutiiig  one  of  the  smaller  pulleys,  i.  0.  So.  9  («^,  Plata 
IVm  Raport  for  1849)»  diameter  0*464  inch,  for  that  before  used,  i.  #•  No.  If, 
diameter  0*614  ineh,  and  by  making  the  interval  at  the  upper  ends  of  the 
wire(«)  less  than  this  quantity.  A  still  smaller  pulley  (t.  0.  No.  B)  had  been 
tried  with  parallel  wires,  and  found  to  be  too  small  (thus  used)  to  allow  the 
magnet  to  be  placed  at  right  angles  to  the  magnetic  meridian.  The  adjust* 
ments  were  made  by  means  of  the  torsion  apparatus  (S),  and  by  using  the 
image  of  the  slii  in  the  moveable  shield  (6^),  projected  upon  ground  glass  at 
the  mouth-piece  (E). 

On  September  2,  a  very  unsatisfactory  mechanical  agitation  of  the  magnet 
was  evinoed  by  the  photographic  curve ;  and  on  the  ^ili  some  additional 
precautions  were  taken  to  prevent  the  interference  of  air*currents  with  its 
natural  motions. 

On  September  7,  the  instrument  having  still  exhibited  symptoms  of  dis* 
turbance,  evidently  not  magnetic,  was  rendered  less  sensitive,  by  placing  the 
upper  ends  of  the  wire  («^)  at  an  interval  of  0*51  inch  from  each  other.  The 
angle  of  torsion  was  thus  reduced  by  £1°,  19^  more  than  it  had  been  before 
August  31. 

On  September  19  and  £0,  new  adjustments,  &c.  were  made.  The  angle 
of  torsion  was  fixed  at  52?  25\  and  the  arc  value  of  1  inch,  or  50  divisions 
of  the  ordinate  scale  (fig.  2,  Plate  XXI.),  was  found  to  be  109'*6  ;  or  the  arc 
Vftlue,  in  parts  of  the  whole  horizontal  force  of  the  ordinate  for  ^th  of  an 
inch,  was  =0'00049.  On  this  occasion  **  a  scale  was  drawn  on  gelatine  paperi 
ooe  division  being  made  equal  to  -|^th  of  an  inch,  and  placed  besioe  the 
ground  surface  of  glass  in  the  camera  sliding-frame''  (H). 

On  the  26th,  a  Httle  adjustment  of  the  shields  took  place. 

In  October  it  was  worked  with  some  regularity.  [A  specimen  of  October 
16  is  reserved.] 

On  the  6  th  it  was  found  that  the  time  of  the  passage  of  a  given  point  on 
the  Daguerreotype  plate  over  the  aperture  of  the  mouth  (at  £)  was  about  % 
minutes*. 

On  November  1,  it  was  minutely  inspected  by  Colonel  Sstbine  and  some 
further  adjustments  were  made. 

On  the  15th,  Dr.  Faraday  visited  the  Observatory  and  recommended  the 
va%  of  the  very  broad  damper  alluded  to  at  p.  351,  anti* 

On  December  14,  experiments  were  made  in  Dr.  Lloyd's  manner  for  de- 
termining its  temperature  corrections ;  when  eight  observations  at  the  mean 
tenperature  of  55^*3  gave  0*00031^,  and  eight  observations  at  76^*7  gave 
(H)00344. 

On  January  10, 1851,  (he  new  broad  damper  was  affixed. 

Between  January  ftO  and  March  20  it  was  worked  pretty  constantly. 
New  adjustments  and  determinations  of  its  coefHcients  were  made  on  the 
Istter  day,  when  the  magnifying  power  of  the  lenses  was  found  to  be  3'40 
times  (by  means  of  the  apparatus  described  at  p.  35 S,  anti),  and  the  distan<?e 
from  the  axis  of  motion  of  the  magnet,  &c.,  to  the  moveable  shield  (b^)  was 
ascertained  (by  direct  measurement)  to  be  9*08  inches ;  consequently  the  arc 
value  of  1  inch  of  the  ordinate  scale  was,  as  stated,  109''4  (p.  351,  anie\ 

At  the  end  of  March  the  screens  were  attached  at  the  object*end  ot  the 
camera,  and  a  thermometer  (by  Adie)  was  inserted  in  the  magnet  case  (V). 
The  temperature  of  the  air  of  the  magnet  case  without  these  screenn  WM 

*  Which  ii  a  9iiy  muib  lesiir  period  than  that  ftmneriy  oseapled  by  such  transit 
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raised  about  4^  by  the  heat  of  the  lamp.  It  was  found  that  the  tune  of  paaaa^ 
of  a  given  point  over  the  aperture  of  the  mouth  was  about  1^  minute. 

On  April  1  at  m.  it  was  put  in  motion  for  the  due  prosecution  of  the  pro- 
posed experimental  trials. 

About  the  2nd  of  May  a  cessation  of  its  activity  occurred  for  two  days, 
spent  in  minor  improvements,  as  that  of  substituting  the  larger  thermometer 
by  Cary^  for  that  previously  used,  &c 

From  April  1  to  this  time,  t.  e.  July  I,  the  thermometer  has  been  read  at 
intervals  of  about  three  hours. 

The  Daguerreotype  curves,  &c.  produced  daily,  with  the  above-mentioned 
exception,  from  the  commencement  of  the  series  of  trials  to  the  present  time 
by  means  of  this  instrument,  have  almost  constantly  afforded  means  of  mea- 
suring ordinates  (in  the  manner  described  at  p.  9  of  the  Report  for  1849) 
to  ri^th  of  an  inch,  and  generally  of  describing  clear  gelatine  tracings  (in 
the  manner  alluded  to  at  p.  185  of  the  Report  for  1850). 

Vertical- Farce  Magnetagrapk, 

In  September  and  November  1850,  drawings  and  instructions  were  given 
to  Mr.  Ross,  Mr.  Barrow,  and  others,  for  constructing  principal  parts  of 
this  new  instrument ;  preparations  were  made  for  its  reception ;  and  work  on 
it  proceeded  here. 

On  December  14,  its  magnet,  &c.  having  arrived,  experiments  for  deter- 
mining its  temperature  coefficient  were  made  at  the  same  time  as,  and  in 
like  manner  to  tho^e  on  the  horizontal-force  magnetograph ;  when  nine  ob- 
servations, at  the  mean  temperature  of  50^*4,  gave  0^*000288,  and  11  obser- 
vations, at  7 1*^*5,  gave  0^'000I519. 

On  the  21st  Mr.  Ross's  part  arrived. 

On  February  8,  the  apparatus  described  at  p.  852  having  been  completed, 
observations  were  made  to  determine  the  magnifying  power  of  the  lenses,  and 
to  examine  the  effect  of  distortion  by  its  means.  The  results  from  two  series 
of  observations  were,  that  the  magnifying  power  was  8*81  times,  and  that "  the 
aberration  was  very  small,  so  small  indeed  as  to  render  it  uncertain  whether 
the  image,  in  the  middle  of  the  field,  was  greater  or  less  than  at  the  ends ; 
the  whole  amount  of  apparent  difference  being  quite  within  the  probable 
error  of  observation."  In  this  case  the  ground  glass  plate,  at  the  mouth  (E), 
was  divided  to  ^th  of  an  inch*. 

On  February  10,  it  was  ascertained  that  no  sensible  difference  in  the  Da- 
guerreotype impression  was  produced  by  enlarging  the  aperture  at  the  object- 
end  (C)  of  the  camera. 

On  February  24,  measurements  were  made  to  ascertain  the  radius, 
viz.  11*9  inch,  from  the  knife-edge  to  that  part  of  the  slit  in  the  moveable 
shield  (o*)  which  corresponds  with  the  moveable  image  in  the  conjugate 
focus  at  the  mouth-oiece  (E),  by  means  of  the  instrument  described  at  p.  352^ 
anid. 

On  the  25th  this  magnetograph  was  mounted  upon  its  corbels  (in  the  qua- 
drant room)  and  partially  adjusted  for  work. 

On  March  8,  the  transit  of  a  given  point  of  the  Daguerreotype  plate  over 
the  mouth  (at  E)  was  made  to  occupy  1^  Vninute. 

On  the  10th  it  was  ready  for  further  trials,  and  on  this  day  a  good  curve 
was  produced;  but  soon  afterwards  (on  the  19th)  we  found  that  the  curves 

*  The  spherical  aberration  of  the  lenses  wis  not  eximined. 
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wefe  gradually  (and  bodily)  approaching  the  zero-line.  It  was  therefore 
examined  by  d^e  maker  of  the  magnet  himselfi  who  could  see  nothing  in  the 
disposition  of  the  other  parts  to  prevent  the  proper  action  of  the  magnet. 
The  screen  for  preventing  the  bad  effect  of  heat  from  the  lamp  was  applied 
(as  to  the  other  force  instrument),  and  the  slit  in  the  moveable  shield  (6^), 
having  been  found  too  narrow,  was  widened. 

On  the  3 1st  it  underwent  adjustments  and  examinations  which  we  hoped 
would  be  final.  The  radius  was  found  to  be  ll*9d  inches  (as  on  the  24th 
inst).  The  magnifying  power  of  the  lenses  was  3*78  times,  as  ascer- 
tained by  the  method  described  above.  Tiie  arc  value  of  1  inch  of  the 
ordinate  scale  was  consequently  76*''4S.  The  time  of  vibration  (viz.  17*9 
seconds)  in  a  horizontal  plane,  at  a  temperature  of  52^,  was  determined  by 
suspending  it,  protected  from  currents  of  air,  from  a  solid  support  by  a  small 
silken  thread,  and  by  using  a  microscope  with  cross  wires,  to  view  a  mark 
on  the  shield  (6^).  Its  time  of  vibration  in  a  vertical  plane,  viz.  20  seconds, 
at  a  temperature  of  53°,  was  determined,  by  observing  the  oscillations  of  the 
image  of  the  slit  at  the  mouth-piece  (E)  and  the  chronometer.  I'he  time  of 
transit  of  a  point  of  the  plate  over  the  mouth  was  found  to  be  about  1^  minute. 
On  April  1  at  m.  it  was  brought  into  activity  for  the  '*  trials ;"  but  the  curve 
soon  began  to  exhibit  great  dislocations,  and  also  the  former  tendency  to  ap- 
proach the  zero  line.  A  condensing  lens  was  afterwards  mounted  in  front  of  the 
camera(A),in  order  that  the  lamp  might  be  removed  to  a  greater  distance  from 
it ;  but  dislocations,  &c.  in  the  curve  gave  evidence  of  mechanical  vibration 
having  occurred  at  the  times  of  putting  the  plates  into  the  slider-case  (F) 
and  removing  and  replacing  the  lamp,  t.  e.  at  sunrise  and  set,  and  we 
believed  it  possible  that  some  cause  of  unsteadiness  might  still  exist  in  the 
mountings,  particularly  in  the  brass  pillars  (Q).  These  were  therefore  dis- 
carded,/or  the  present,  and  the  intermediate  corbel  was  very  firmly  planted 
and  cemented  upon  the  plinth  of  the  quadrant-wall  to  supply  their  place. 
The  whole  stone  and  marble-work  was  rendered  as  secure  against  vibra- 
tion as  an  experienced  mason  could  make  it.  The  magnet  had  altered  its 
time  of  vibration  in  the  vertical  plane  to  10  seconds,  and  various  changes  of 
this  kind  have  since  occurred  (as  stated). 

On  the  dth  the  time  of  transit  of  a  point  of  the  plate  over  the  mouth  was 
1^  minute. 

On  May  2,  the  larger  thermometer  having  been  substituted  for  a  smaller, 
it  was  deemed  ready  to  resume  its  functions ;  but,  on  the  next  day,  disloca- 
tions, &c.  corresponding  with  the  usual  times  were  shown  by  the  curve ; 
thus  rendering  it  highly  improbable  that  instability  of  the  four  very  stout  pil- 
hffs  (Q)  or  of  any  fittings  had  produced  the  bad  effect. 

On  the  5th  this  conclusion  was  confirmed  by  discovering  that  the  disloca- 
tions were  occasioned,  principally,  by  the  removal  of  the  soil  iron  bars  of  the 
neighbouring  window-shutters,  from  a  vertical  to  a  horizontal  position,  and 
vice  versd  Sit  the  above-mentioned  periods  (a  precisely  similar  case  to  one  which 
had  long  since  occurred  relatively  to  the  declination  instrument,  and  had  been 
forgotten).  The  bars  were  therefore  now  (as  was  one  bar  formerly)  discarded. 
After  this  time  the  great  dislocations  ceased ;  but  a  few  instances  have  since 
arisen  of  extremely  sudden  variations  in  the  curves  of  all  the  magnets 
*imuUaneouslyj  which  might  have  been  mistaken  for  mechanical  disturbances, 
if  they  had  not  been  simultaneous ;  and  some  other  small  dislocations  of  these 
▼ertical.force  curves  evince  unnatural  motions  of  the  magnet. 
On  June  4  it  had  altered  its  time  of  vertical  vibration. 
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The  daily  Daguerreotype  impreations  have  been  almoBt  equal  in 
to  thoae  of  the  horiiontal-force  instrument  But  there  atill  exifta 
perfection  (probably  in  the  knife-edge)  requiring  attention. 

DecHnaiian  Magnetograph. 

In  March  1851,  some  of  the  improvements,  described  at  p.  S50,  oni^,  cm 
this  old  instrument  (vide  PI.  XL  Phil,  Trans.  Ft.  I.  for  1847),  were  exe- 
cuted here. 

On  the  26th  it  was  carefully  examined.  The  wedges  were  tightened  and 
the  camera  (A),  &c.  were  adjusted,  by  turning  them  through  a  small  arc  apon 
the  axis  of  the  suspending  skein,  so  as  to  cause  the  image  of  the  aero  slit  in 
the  fixed  shield  to  occupy  its  proper  place  at  the  mouth  (£)  on  the  groand 
glass  scale  (or  on  the  silver  plate  or  Talbotype  paper)*. 

On  the  27th,  29th  and  dlst,  further  examinations  and  adjustments  w«re 
made.  The  suspending  skein  seemed  to  have  remained  nearly  unaltered, 
since  1846,  as  to  the  condition  of  its  fibres :  a  torsion  of  10^  only  existed 
(which  was  eliminated  in  the  compuutions),  but  the  effect  of  a  twist  given 
to  it  =90°  of  the  torsion  circle  displaced  the  magnet  a  quantity  cc44^.  The 
distance  from  the  axis  of  motion  to  the  moveable  shield  (in  the  place  of  V) 
was  18  inches.  The  magnifying  power  of  the  lenses  was  =s6*706  times  (aa 
ascertained  by  the  means  described  at  p.  852).  The  arc  value  of  1  inch  of 
the  ordinate  scale,  when  corrected  by  the  torsion  coefficient,  was  28^*71. 

On  April  1  at  m.  it  was  put  into  activity  for  the  "  trials,"  and,  in  the  course 
of  this  month,  several  little  improvements  (not  affecting  its  indications)  were 
made. 

On  the  29th  it  was  found  that,  in  consequence  either  of  the  fixed  shield 
having  descended  or  of  the  moveable  shield  having  risen,  light  had  passed 
between  the  edges  of  them  to  the  photographic  plate.  The  delay  of  a  day 
was  therefore  required,  in  order  to  remedy  die  evil,  by  lengthening  tlie  zero 
slit  in  the  mouth-piece,  and  lowering  the  moveable  shield  a  very  little.  These 
expedienu  answered  the  purpose  at  that  time,  but  similar  faults  required  se- 
veral repetitions  of  the  last- mentioned  process  afterwards ;  therefore, 

On  June  14,  the  wooden  bearers  (X)  were  raised,  and  four  perpendiculaF 
supports  of  straight-grained  deal,  resting  upon  the  rafters  below,  were  placed 
under  them.  This  expedient  will  not,  probably,  secure  the  instrument  against 
errors  arising  from  the  use  of  wood  for  bearers,  JUtings,  &c.,  and  perhaps  the 
expansion  and  contraction  of  the  skein. 

It  has  nevertlieless  generally  presented  us  with  curves,  measurable  to 
•j^^th  of  an  inch  at  least.  The  exceptions  occur  in  a  few  instances  of 
magnetic  disturbance.  The  damper  (a  narrow  one  composed  of  wood  with 
a  coat  of  copper  electrotyped  upon  it)  seems  to  have  little  effect. 

Tabulating  and  Tracing  the  Magnetic  Curves. 

Colonel  Sabine  has  in  his  Report  (ante)  clearly  and  ably  described  the 
nature  and  modes  of  procedure  which  have  been  carried  out,  bv  Mr.  Welsh. 
relative  to  these  operations ;  and  the  apparatus  employed  has  been  detailed 
at  p.  84  of  the  British  Association  Report  for  1849. 

*  In  1846  s  nmilar  kind  of  adjustment  was  made,  which  suggested  the  possibility  of  ads|ii. 
ing  apparatus  of  telescope,  &c  to  a  metallic  camera,  &c.,  which  might  be  moved  about  & 
axis  of  the  suspending  skein  in  the  manner  of  Colonel  Beaufov's  variation  transit-box,  and 
thus  become  a  means  of  procuring  self-registered  curves  of  absoiuit  determfnaiiotif  if  it  were 
desirable. 
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The  number  of  daily  curves  tabulated  and  traced  before  the  experimental 
trials  commenced  on  April  Ist,  is  not  considerable.  The  number  since  then 
to  the  present  time  is  about  200. 

It  only  remains  here  to  annex  lithographed  specimens  of  printed  curves 
and  their  abscissse  (or  sero  lines),  Plate  XXIII.,  which  specimens  were  printed 
in  the  manner  described  at  p.  35ii,  anti.  It  is  not  pretended  that  the  litho- 
graph is  equal,  in  sharpness  and  accuracy,  to  the  original  impression  from 
the  gelatine.  It  is  made  use  of  merely  because  a  sufficient  numbor  of  im* 
pressions  for  this  Report  could  not  be  obtained  probably  i'rom  the  gelatine. 

Impressions  made  in  September  from  the  gelatine  on  India-paper,  were 
very  good;  but  the  use  of  bank-note  paper  was  preferred,  on  account  of 
its  very  superior  toughness  and  less  liability  to  adhere  to  the  gelatine  under 
the  press.  The  impressions  on  bank-note  paper  were  very  nearly  equal  to 
the  India-paper  impressions.  The  number  which  could  be  **  pulled "  from 
the  gebtine  itself  would  be  ample  for  distribution  to  other  observatories,  &c. 

On  February  1 8,  a  specimen  of  the  action,  on  Talbotype  paper,  of  the 
horiaontal-force  magnetograph  sent  to  the  Toronto  Observatory,  arrived 
here.  About  half  of  the  curve  had  been  produced  by  day-light  and  the  re- 
mainder by  lamp-light.  The  outline,  as  viewed  by  the  naked  eye,  seemed 
tolerably  well  defined  (in  both  cases) ;  but  when  examined  under  the  same 
magnifying  power  as  that  used  in  tabulating  the  curves  received  upon  silver, 
was  found  to  be  much  less  perfect  than  in  these  curves :  it  exhibited  a  little 
fringe,  evidently  due  to  the  spongy  texture  of  the  paper,  and  was  quite  in- 
adequate to  measurements,  equally  minute,  with  those  of  lines  received 
upon  a  silver  surface*. 

The  Magnetographs  and  Magnets  in  general. 

In  September  1850,  it  was  ascertained  that  the  cost  of  Lucca  oil  consumed 
in  the  RuQiford  poly  flame  lamps  used  with  these  instruments,  was  about  0*8 
p«nny  per  hour  for  each. 

In  December,  and  at  long  intervals  subsequently,  the  improvements  upon 
the  sliding-frames  (H),  as  regards  the  scales  (vide  p.  350),  were  prosecuted. 
The  first  were  engraved  by  Ross  with  a  diamond  point. 

By  the  end  of  March  it  had  been  found  that  the  etching  process,  by  means 
of  hydrofluoric  acid,  produced  scales  on  the  ground  glass  well-adapted  to  the 
purposes;  and  the  dividing  machine  of  M.  Perreaux  was  very  advantage* 
ously  employed  in  this  operation. 

On  January  24,  Mr.  Welsh  explained  his  plan  for  applying  his  sliding 
rule  system  to  computations  relative  to  magnetic  curves. 

About  June  15  a  working  drawing  of  the  dip  and  total-force  sliding«*rule 
was  made.  It  was  put  into  Mr.  Adie's  hands,  who  constructed  it  in  box- 
wood ;  it  has,  together  with  Mr.  Welsh's  description  of  it,  been  exhibited 
and  delivered  to  the  Secretary  of  the  Physical  Section. 

In  March,  and  subsequently,  the  Toronto  vertical^iforce  magnetograph 
was  exammed  and  corrected.  [A  screw  had  become  loose  and  the  knife- 
edge  a  little  damaged.] 

*  I  csnnot  help  adTerting  here  to  sn  evident  mistake  in  the  Athenieum  of  July  12, 1851, 
p.  784,  where  the  Astronomer  Royal  is  made  to  imply  that  my  method  of  self-registiatioa 
doei  not  embrace  the  nse  of  the  paper  process ;  whereas  it  has  been  clearly  shown  that,  be- 
iweenApril  1844  and  February  1849, 1  used  no  other ;  that  specimens,  so  procured,  have  been 
"Wrared  by  himself,  and  that  the  Kew  maanetogiapha  were  always  eguaUy  appUettbU 
to  either  the  Talbotype  or  the  DagueTTeoty}>e  process  at  the  pleasure  of  the  observer  or  pho- 
tographist.  They  ets  be  as  msUj  applied  to  «i^  new  photograpUo  proosM  I  believe. 
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In  June  a  little  progress  was  made  in  the  construction  of  a  new  Declination 
magnetograph,  or  rather  in  new  mechanism^  to  be  substituted  for  some  parts 
of  the  old  declination  instrument. 

From  April  1  to  this  time,  u  e.  during  the  course  of  the  experimental  trials 
of  the  three  magnetographs,  the  Daguerreotype  plates  prepared  by  Mr. 
Nicklin,  our  photographist,  were  put  into  the  instruments  daily,  with  the  few 
exceptions  stated,  at  meridian  as  nearly  as  possible,  the  exact  time  (by  Dent's 
chronometer,  with  proper  corrections)  being  known  for  each.  They  were 
inverted  at  1 2  p.m.  (as  nearly  as  possible). 

The  course  of  experimental  trials  for  six  months  was  undertaken  in  accord* 
ance  with  a  wish  expressed  by  the  Kew  Committee.  I  should  have  been 
better  pleased  if  I  could  have  previously  substituted  a  declination  magneto- 
graph,  similar  in  general  construction  to  the  horizontal-force  magnetograph, 
instead  of  the  original  instrument  set  up  before  many  of  the  improvements  since 
adopted  had  been  made,  and  i£  I  could  have  attempted  other  improvements 
on  all  the  magnetographs  (as  that  of  substituting  pointed  for  rectangular 
magnets,  in  order  to  diminish  the  time  of  vibration,  &c.).  The  Royal  Society 
granted  me,  in  the  kindest  manner,  a  sum  not  exceeding  £100  to  be  applied 
to  the  costs  attending  the  trials,  of  which  sum  about  one-third  has  been  ex- 
pended (and  an  exact  account  with  vouchers  maintained). 

Thermometers. 

On  September  21  and  23,  comparisons  of  Newman's  standard  thermometer 
were  made  with  various  thermometers ;  their  index  corrections  arc  recorded 
at  pp.  S42  and  843. 

On  February  22,  the  dividing  machine  by  M.  Perreaux,  together  with 
the  adaptations  and  other  thermomctric  apparatus  of  M.  Regnault*s  (alluded 
to  at  p.  346,  ante)t  arrived,  and  soon  afterwards  Captain  Lefroy  gave  some  ex- 
planations concerning  the  former,  and  made  satisfactory  trials  of  their  appli- 
cability to  the  accurate  calibration  and  division  of  thermometer  tubes.  In 
these  and  subsequent  trials  a  diamond  point  was  sometimes  used,  and  when 
the  etching  process,  by  means  of  hydrofluoric  acid,  was  preferred,  some  diffi- 
culty occurred  as  to  the  choice  of  a  proper  "ground."  Oil  of  Spike  (lavender) 
was  found  to  answer  the  purpose  tolerably  well.  An  incomplete  attempt 
was  made  to  etch  plates  of  glass  by  Fluorine  gas.  Some  tubing,  entirely  of 
vulcanized  India-rubber,  was  advantageously  substituted  for  the  original 
tubing  compounded  of  tliis  material  and  glass  in  the  operation  of  moving 
the  calibring  mercury  in  the  thermometer  tubes*. 

On  February  23,  the  maximum  Rutherford  thermometer  (F)  was  found 
to  have  been  destroyed. 

On  April  3,  the  Sub-committee  of  the  Kew  Observatory,  appointed  to 
direct  the  construction  and  verification  of  standard  thermometers,  &c.t 
made  experiments  for  determining  the  freezing-  and  boiling-points  of  a 
standard  thermometer  of  M.  Regnault,  No.  229,  or  Woolwich  standard, 
which  Colonel  Sabine  brought  (with  another  by  Ronchetti);  also  of 
the  standard  Regnault,  No.  231  (or  Kew  standard).  The  freezing-points 
of  the  above  Ronchetti,  Newman's  standard  (C),  the  immersed  ther- 
mometer in  the  improved  Regnault  hygrometer,  and  the  immersed  thermo- 
meter of  the  new  Daniel  hygrometer,  were  also  determined.  The  apparatus 
used  was  a  part  of  that  referred  to  at  p.  346,  and  the  results  obtained  are 
already  stated,  excepting  that  the  boiling-point  of  the  Regnault  No.  229,  or 

*  A  farther  improvement  for  effecting  this  object  is  oontemplated. 
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Woolwich  standard,  was  at  578*1  div.,  and  its  freezing-point  at  very  nearly 
92*1  div*,  and  that  the  barometer  reading,  reduced  to  32^,  was  dO'093  inches, 
and  the  temperature  of  the  room  about  55°, 

In  June  considerable  prooress  had  been  made  in  calibring,  graduating, 
&c.  thermometers  as  standards  ;  some  tubes  having  been  selected  with  great 
care  for  this  purpose,  and  about  six  complete  standard  instruments  have  been 
made. 

Hygrometers,  ^c. 

On  September  18,  1850,  experiments  had  been  made  for  testing  the 
Saussure  eight-haired  hygrometer*.  It  had  been  placed  in  a  receiver,  first 
with  chloride  of  calcium  and  then  with  water.  After  several  trials  and  ad- 
justments of  the  instrument,  the  result  was  that  "  dryness"  corresponded  to 
-*5  degrees  of  the  scale,  and  "humidity"  to  105,  the  temperature  during  the 
experiment  being  about  62^. 

In  this  month  arrangements  were  made  for  some  experiments  on  tension 
of  vapour,  according  to  Mr.  Broun's  method.  A  little  apparatus  was  after- 
wards constructed  and  some  progress  made. 

On  the  18th,  Captain  Ludlow  presented  to  us  the  Hygrometer  and  aspira- 
tor of  M.  Regnaultf  in  their  original  forms,  and  made  some  satisfactory  com- 
parisons with  the  former  and  the  Daniel ;  they  corresponded  to  about  0^*2. 

On  October  11,  Colonel  Sykes  went  over  a  series  of  observations  with 
Mr.  Welsh  of  the  wet  and  dry  bulbs,  and  the  (above-mentioned)  Regnault 
hygrometer,  and  suggested  a  form  of  record  for  the  hygrometrie  observa- 
tions, and  the  iise  of  one  standard  dry  thermometer  for  those  observations. 

At  about  this  time,  and  subsequently  in  examining  and  using  this  Regnault 
hygrometer  and  its  aspirator,  it  was  observed  that  at  low  temperatures  an 
obstruction  occasioned  by  the  position  of  the  cork  would  prevent  the  con- 
venient reading  of  the  immersed  thermometer ;  that  the  cistern,  composed  of 
glass,  united  to  metal  by  cement,  was  very  apt  to  become  leaky  (in  conse- 
quence of  the  great  variation  of  temperature  to  which  they  are  often  sub- 
jected) ;  that  no  trifling  waste  of  eether  was  occasioned  by  decanting  this 
expensive  material  from  one  vessel  to  another  at  each  period  of  observation ; 
that  no  line  of  demarcation  (as  in  the  Daniel)  assisted  the  precise  observation 
of  the  dew-point  moment ;  and  that  the  aspirator  required  to  be  refilled  with 
water,  at,  sometimes,  a  very  unseasonable  moment,  and  always  with  waste  of 
time,  &c. 

On  November  15,  drawings  illustrating  a  proposal  for  methods  of  ob- 
viating these  inconveniences,  &c.  were  made  and  submitted  to  Colonel  Sykes's 
consideration,  and  his  approval  was  the  inducement  for  giving  instructions 
(on  November  26)  for  constructing  a  new  instrument. 

It  arrived  at  the  end  of  February,  and  early  in  March,  having  been  found 
to  answer  the  intended  purposes  well  in  most  respects,  was  brought  into  use. 
Subsequently  various  little  ameliorations  have  taken  place  which  have  brought 
it  to  the  state  already  described ij^. 

On  October  25,  a  drawing  of  the  parapet  in  front  of  the  door  of  the  North 
Hall  was  made  for  the  guidance  of  M.  Regnault  in  constructing  his  dew-point 
apparatus  for  Kew. 

On  Jan.  14,  Mr.  Welsh  made  a  full  description  and  diagram  of  his  hy- 
grometrie sliding  rule. 

*  rid€  p;343,  ante.  f  P.  343,  ante. 

t  P.  343,  ante.  An  appsratiu  of  the  kind  hat  been  also  made  by  Gary  for  St  Mary's 
Hoipital  by  Dr.  Ansel's  desire,  and  others  are  to  be  made  for  Professor  Forbes,  Mr.  Dixon, 
and  other  gentlemen. 
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On  the  18  th,  Colonel  Sabine  examined  and  highly  approved  of  the  inven- 
tion :  between  this  time  and  the  end  of  June  the  standard  scale,  of  German 
silver,  used  in  its  graduation,  was  divided  by  means  of  M.  Perreaux's  engine, 
and  the  rule  itself  was  completed  by  Mr.  Adie  in  box-wood.  The  instrument 
was  in  June  sent  to  Ipswich  for  exhibition  to  the  Physical  Section,  together 
with  a  description  of  it,  and  both  have  been  delivered  to  the  Secretary  of  the 
Section. 

On  May  1 6,  experiments  were  made  by  and  in  presence  of  Colonel  Sykes 
and  Captain  James,  R.E.,  for  testing  the  action  of  the  improved  Regnaalt 
hygrometer,  and  for  other  purposes.  These  experiments  formed  five  series ; 
but  there  being  some  reason  to  suspect  an  error  in  the  observation  of  die 
Regnault  in  the  first  series,  it  was  declared  to  be  not "  trustworthy,"  and  the 
last  having  been  made  by  a  gentleman  visitor,  not  accustomed  to  ebservationa 
of  this  kind,  should  not  perhaps  be  included  in  the  following  summary. 

Two  series  were  made  in  the  North  Entrance  Hall,  where  the  atmoapheric 
temperature  fell,  during  their  continuance,  from  69?  to  61^,  and  the  barometer 
stood  at  30*018  and  S0'14  corrected. 

The  general  result  of  these  two  were,  that  the  observed  dew*point  of  the 
Daniel  hygrometer  was  0°*4  lower  than  that  of  the  Regnault,  and  that  the 
dew-point  by  the  wet-bulb  hygrometer,  as  reduced  by  Dr.  Apjohn's  formula, 
was  l°'5  higher  than  that  of  the  Regnault,  and  as  reduced  by  the  use  of  Mr. 
Olashier's  factors,  ft°'55  higher. 

Two  series  were  made  on  the  platform  (in  open  air)  in  front  of  the  North 
Hall,  where  the  temperature  fell  from  60^*9  to  59^*6  during  their  continuance, 
and  the  barometer  stood  at  30*01  in. 

The  general  results  of  these  were,  that  the  observed  dew*point,  by  the 
Daniel  and  the  Regnault,  exactly  coincided^  and  that  the  dew-point  by  the 
wet  bulb,  using  Apjohn's  formula,  was  1^  lower  than  that  of  the  RegnaolCf 
and  using  Glashier's  factors,  £°*76  higher. 

The  dew-point  apud  Apjohn  was  computed  by  means  of  Colonel  Boiliea'a 
tables. 

The  lowest  temperature  which  we  could  procure  by  the  action  of  the  R<^* 
nault  was  16^,  and  by  the  Daniel  41^.  The  atmospheric  temperature  waa  69  • 
(but  previous  and  subsequent  trials  gave  a  much  greater  difference). 

An  experiment  was  made  in  the  North  Hall,  at  the  suggestion  and  by  desire 
of  Colonel  Sykes,  to  ascertain  the  difference  between  the  indications  of  the 
dry  and  wet  thermometers  when  at  rest,  and  when  put  into  rapid  motion,  by 
whirling  them,  attached  to  a  line  held  in  the  hand,  through  the  air.  The 
motion  produced  no  sensible  change  on  the  dry,  but  a  difference  of  —0^*9  on 
the  wet.  Precautions  having  been  taken  to  obtain  accurate  readings,  the  dry, 
h^ore  the  motion,  stood  at  61^*8,  wei  52°%  dew-point  computed  44^*4,  ob- 
served 42^*4;  the  dry,  after  the  motion,  read  61°*8,  wet  5 1^*9,- dew-point 
computed  42°'ie,  observed  42°'4. 

Between  the  end  of  September  1 850  and  this  time,  many  comparisona,  ob* 
servations  and  remarks  have  been  made  relative  to  the  Wet-bulb,  the  Daniel 
and  the  Regnault  hygrometers,  '*  chiefly  with  the  view  of  ascertaining  to  what 
extent  the  indications  of  the  Wet-bulb,  as  commonly  observedi  are  to  be  de» 
pended  upon." 

'<  The  number  of  comparisons  with  Daniel's  hygrometer  has  been  some- 
what above  500,  and  with  Regnault's  about  270,"  in  which  all  the  corrections 
for  index  errors,  the  computations  (by  Apjohn's  formula,  with  the  use  of 
Colonel  Boilieu*B  tables),  and  the  requisite  observances  for  attaining  accuracy 
were  made. 
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The  details  will  be  stated  when  these,  together  with  additional  comparisonsi 
shall  have  received  more  complete  discussion  than  they  yet  have. 

The  following  (experiments  and  remarks  were  made  in  the  course  of  these 
inquiries,  &c. 

Instead  of  taking  the  mean  between  the  reading  of  the  immersed  thermo- 
meter at  the  first  appearance  of  dew  on  the  bright  bulb  of  the  Daniel,  and  the 
reading  at  the  time  of  its  disappearance  for  the  determined  dew-point,  in  order 
to  eliminate  the  error  which  might  arise  in  the  estimation  of  the  dew-point 
from  the  continued  fall  of  the  thermometer  after  the  first  appearance  of  dew, 
the  observer  checked  the  internal  evaporation  from  the  eether  in  the  bright 
bulb,  *'  whenever  the  dew  has  shown  itself  by  touching  with  the  hand  the 
covered  bulb  (upon  which  the  sether  is  poured),  and  thus  preventing  an  undue 
accumulation  of  water"  on  the  bright  bulb,  and  giving  time  for  the  mass  of 
sether,  the  immersed  thermometer  and  the  bulb  itself  to  acquire  a  uniform 
temperature  at  the  dew-point  moment. 

In  the  cisterns  of  the  Regnault  hygrometers,  the  continual  agitation  of  the 
aether  (by  the  passage  of  air  bubbles  through  it)  served  to  produce  the  re- 
quisite uniformity  of  temperature  throughout  the  mass  of  aether  and  the  bulb 
of  the  immersed  thermometer. 

In  experimenting  with  the  improved  Regnault,  the  difficulty  alluded  to  at 
p.  845,  of  "catching  the  exact  instant  of  the  formation  of  dew,"  was  not  found 
to  have  been  completely  obviated  by  the  method  there  described*.  But  "  the 
agreement  between  the  two  dew-point  instruments  is  generallv  good,  the 
discordance  rarely  amounting  to  one  degree ;  the  dew-point  by  Regnault 
being  generally  somewhat  lower  than  by  the  Daniel." 

"  The  expenditure  of  aether  is  somewhat  greater  in  the  Regnault  than  in 
the  Daniely  which  however  may  perhaps  be  compensated  by  the  inferioif  qua- 
lity consumed." 

Experiments  similar  to  those  made  on  May  16  (t^uiep.  366,  ante\  on  the 
effect  of  a  current  of  air  on  the  wet  bulb, "  have  been  repeated  several  times 
since,  and  always  with  a  like  result.  It  has  also  been  found  that  a  moderate 
agitation  of  the  air  produces  the  maximum  amount  of  depression.  Similar 
results  have  been  found  in  the  ordinary  comparisons  in  the  open  air ;  the 
agreement  between  the  computed  and  observed  dew-points  being  greater 
when  a  moderate  wind  was  blowing  than  when  the  air  was  still." 

Baromeieri. 

Between  September  23  and  November  16,  1850,  a  series  of  167  com- 
parisons was  made  between  the  mountain  barometer  and  the  photo-barome- 
trograph ;  "  but  as  there  can  be  little  doubt  that  considerable  discrepancies 
which  the  comparison  showed  might  be  partly  owinff  to  the  imperfect  stand- 
ard of  comparison  employed,  no  confidence  is  placed  in  the  results  from  this 
series." 

In  October  Colonel  Sykes  recommended  the  acquisition  of  a  good  standard 
barometer. 

In  January  the  standard  barometer  of  Newman  {vide  p.  346,  anti)  arrived 
from  Colonel  Sabine,  and  soon  afterwards,  by  his  desire,  its  new  attached 
thermometer  was  added. 

Between  January  23  and  March  30,  about  200  comparisons,  &c.  were 
made  between  this  barometer  and  the  photo- baronj^trograph ;  tlie  principal 
results  of  which  were,  that  the  range  upon  the  Daguerreotype  plate  (at  E, 

*  Further  trials  on  this  point  are  in  progress. 
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fig.  1,  Plate  XXII.)  of  the  image  of  the  surface  of  the  mercury  in  the  tube 
(at  b^)  is  rather  more  than  twice  the  range  of  the  mercury  itself;  that  the  com* 
pensation  was  overdone  by  about  -^^th  of  the  whole  amount ;  and  that  the 
mean  error  of  an  observation,  from  a  whole  series  of  181  comparisons,  was 
0*0028  inch.  It  was  thought "  only  fair  to  suppose  that  a  portion  of  this  mean 
error  is  to  be  ascribed  to  the  standard  barometer ;"  and  I  fear  a  portion  may 
be  attributed  to  dry  rot  or  other  cause  of  infirmity  in  the  flooring  of  the 
quadrant- room,  that  end  of  the  frame-work  (P)  which  carries  the  barometer 
being  much  nearer  to  the  wall  of  the  building  than  the  image  end.  '*The 
comparisons  do  in  fact  exhibit  some  symptoms  of  alterations  in  the  floor." 

These  comparisons,  and  the  numerous  computations,  &c.  required,  were 
made  with  great  care,  and  yield  a  very  satisfactory  general  result.  '*  An  error 
of  0*002  inch  in  an  observation  would  not  be  greater  tlum  might  be  expected 
in  a  standard  bafometer*." 

Anemometer, 

On  September  27,  Mr.Howlet,  of  the  Ordnance  Office,  brought  an  experi- 
mental anemometer  for  comparison  with  our  balance  anemometer  (vide  p.  34 Ij 
ante),  and  for  examination. 

It  was  speedily  erected  upon  the  leads  at  the  southern  end  of  the  observa- 
tory, and  the  action  of  both  instruments  was  watched  during  about  half  an 
hour.  The  mean  result  was,  that  the  former  gave  about  one-tenth  more  for 
pressure  of  wind  than  the  latter. 

At  Mr.  Howlet*s  request,  a  note  was  addressed  to  Sir  John  Burgoyne,  lo 
which  I  expressed  an  opinion  that  an  instrument  of  the  kind,  exhibited  by 
Mr.  Howlet,  might  answer  the  purpose  of  a  portable  anemometer,  applicable 
in  the  intended  manner,  if  properly  constructed. 

Mr.  Howlet  made  a  sketch  of  his  model,  and  left  it  at  the  Observatory, 

IV.  MISCELLANEOUS  MEMORANDA. 

On  September  12,  1850,  Mr.  Jesse  (of  the  Woods  and  Forests)  visited 
the  building,  and  promised  to  represent  its  state  as  regards  dry  rot,  8rc. 

On  October  5,  an  interesting  account  of  an  Aurora  Borealid,  which  oe« 
curred  on  the  evening  of  the  Snd,  was  received  from  Mr.  Gassiot,  who,  witli 
some  friends,  had  carefully  observed  it  at  Clapham  Common.  The  direction 
in  which  it  appeared  was  from  N.  by  W.  to  N.N.  W.  by  compass.  Mr.  Gassiot's 
letter  was  copied  in  our  Diary. 

On  November  5,  Professor  Graham  came  to  confer  about  methods  of 
transporting  air,  free  from  town  contamination,  for  chemical  analysis,  with 
reference  to  the  presence  of  ammonia,  from  this  locality  to  the  London  Uni- 
versity. Every  means  in  our  power,  calculated  to  facilitate  Dr.  Graham's 
important  researches,  were  (of  course)  tendered  with  great  alacrity  and 
pleasure  f. 

*  If  the  instrument  were  mounted  in  as  substantial  a  manner  as  are  the  horizontal  and 
vertical-force  magnetographs,  and  if  a  compensatinff  apparatus  of  larger  zinc  rods  and  stout 
glass  tubes  were  substituted  for  this  of  small  rods  and  wooJ,  the  error  of  an  observation  woul4 
probably  be  less,  and  even  the  remaining  error  might  perhaps  be  almost  got  ridof  3y  maJtm^ 
nteqfthe  micrometer  screw  (at  b^*)t  provided  expressly  for  preventing  the  compensation  from 
being  either  **  overdone"  or  underdone.    The  neglect  of  doing  this  is  entirely  my  own. 

Since  the  above  was  written  an  instrument  improved  as  above  has  been  ordered  by 
Mr.  Johnson  for  the  Baddiffe  Observatory. 

f  The  aspirator  (described  at  p.  344}  would  probably  be  found  convenient  in  cases  of 
this  kind. 
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On  the'  same  day  and  subsequently,  a  few  experiments  were  commenced 
on  M*  Claudet's  actinometer. 

On  January  StO,  1851,  Mr.  Phipps  (of  the  Woods  and  Forests)  examined 
the  building ;  when  its  state,  as  to  dry  rot,  &c.,  was  represented,  and  an  in- 
timation was  made  that  probably  Lord  Seymour  would  visit  it. 

On  the  25th,  Professor  Potter's  "Aerometric  Balance  for  measuring  the 
density  of  the  air  in  which  it  is  sitoated/'  arrived  for  examination  and  expe- 
riment, but  was  required  to  be  returned  before  any  results  which  could  be 
confided  in  were  obtained.  The  difficulties  of  observing  the  instrument 
under  unobjectionable  conditions  seemed  almost  insurmountable.  It  is  de- 
scribed in  the  Philosophical  Magazine,  vol.  xxxvii.  p.  81.  ^ 

On  May  8,  Lieut.  Fergusson,  of  the  Indian  Navy,  began  a  little  course 
of  study  and  manipulation  relative  to  all  our  methods  of  procedure  in  the 
self-registering  system,  and  in  eye  observations  of  atmospheric  electricity,  &c. 
It  was  continued  daily  during  about  two  weeks,  at  the  end  of  which  time  he 
had  become  well  qualified  to  prosecute  and  conduct  such  operations  and  ob- 
servations. 

At  the  end  of  May,  Mr.  A.  Broun,  late  Director  of  Sir  Thomas  Brisbane's 
magnetic  observatory,  appointed  to  the  Trevandrum  observatory,  commenced 
a  similar  course,  which  lasted  (at  intervals)  about  2  weeks,  and  terminated 
with  like  success*. 

On  June  180,  Colonel  Sabine  and  Professor  Stokes  decided  upon  using  the 
South  Lower  Hall  for  the  prosecution  of  Professor  Stokes's  proposed  ex- 
periments to  determine  the  index  of  friction  in  different  gases. 

On  the  24th,  Mr.  Weld,  Assistant  Secretary  of  the  Royal  Society,  visited 
the  Observatory,  and  informed  me  that  he  was  directed  to  send  a  large 
quantity  of  apparatus  belonging  to  the  Royal  Society  to  be  deposited  here. 
He  examined  the  localities  in  which  they  could  be  properly  lodged,  viz. 
the  glass  cases,  &c.,  formerly  occupied  by  His  Majesty  George  the  Third's 
splendid  collection  of  instruments  of  a  similar  kind ;  and  on  the  26th,  many 
cases  containiug  the  Royal  Society  instruments  arrived ;  but  the  operation 
of  unpacking,  &c.  was  deferred  to  an  early  day  afler  this  meeting  of  the 
British  Association. 

Some  boxes  (probably  containing  papers)  locked  and  without  keys,  arrived 
with  the  instruments  and  were  not  opened. 

Between  this  time  and  the  end  of  the  month  all  outstanding  bills  due  by  the 
establishment  w«re  paid,  excepting  three  or  four  very  small  accounts  (which 
presented  a  little  difficulty  in  adjustment,  &c,) ;  and  a  tabulated  statement 
embracing  the  whole  expenditure  and  receipts  for  the  (British  Association) 
year  was  delivered  to  the  Kew  Committee,  by  which  account  it  appears  that 
the  total  sum  expended  on  the  EstabUshment  account  has  been  £309  2s.  2d. 
(including  the  above-mentioned  small  accounts),  which  sum  is  £29  ISs.  less 
than  the  amount  of  the  grant  made  at  the  Edinburgh  meeting  on  August  l, 
1850,  added  to  the  residue  of  the  former  grant  made  (in  1849)t. 

In  the  course  of  the  year  numerous  meetings  of  the  Kew  Committee,  and 
very  many  individual  attendances  of  its  President,  Colonel  Sykes,  Colonel 
Sabine,  and  Mr.  Gassiot,  have  taken  place  at  the  Observatory. 

Our  visitors  have  been  numerous,  and  almost  exclusively  gentlemen  of  high 
scientific  reputation. 

*  An  electrical  apparatas  of  the  kind  described  at  p.  339,  an/^,  has  since  been  put  into 
course  of  constrnction  for  Mr.  Broun. 

t  The  sum  ammally  expended  has  always  been  somewhat  less  than  the  grant  and  residue ; 
sometimes  considerably  less. 
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I  have  great  pleasure  in  beariog  testimony  here  to  the  genera]  services  of 
Mr.  Welsh,  and  particularly  in  making  and  recording,  in  the  Diary,  &c, 
very  numerous  comparisons,  observations,  measurements,  adjustments  and 
computations  relative  to  the  thermometers,  the  various  hygroroetenn  the  ba- 
rometers and  barometrograph,  and  the  magnetographs*,  in  the  laborious  pro- 
cesses of  ubulating  and  tracing  the  msgnetic  curves,  and  in  making  and  re- 
cording  all  the  observations  and  remarks  entered  in  the  form  of  the  Electro- 
meteorological  Journal ;  in  suggesting  a  few  alterations  in  that  form,  and  in 
the  mode  of  deducing  the  value  of  electrical  frequency  (ri<^  p.  355);  ia  point- 
ing out  the  former  defective  mode  of  suspending  the  mountain  barometer,  and 
the  first-mentioned  inconvenience  in  the  use  of  a  Kegnault  hygrometer  {vide 
p.  365);  in  suggesting  the  use  of  screens  to  protect  the  magnets  from  the  heat 
of  the  lamps,  and  in  assisting  me  to  vary  the  older  methods  of  ascertainii^ 
the  magnifying  powers  of  the  lenses  of  the  roagnetographs  (vide  p.  352). 

The  calibrations  and  graduations  of  the  new  Standard  Thermometers  have 
been  executed  by  him. 


Ordnance  Survey  of  Scotland. 

The  Committee  appointed  at  the  Edinburgh  Meeting  in  ia50,  <'for  the 
purpose  of  urging  on  Her  Majesty's  Government  the  completion  of  the  Geo- 
graphical Survey  of  Scotland,  as  recommended  by  the  present  Meeting  of 
the  British  Association  at  Edinburgh  in  1884,*'  presented  the  following  Me- 
morial to  the  First  Lord  of  the  Treasury : — 

"  My  Lord,  "  London,  Februsir  17th,  1851. 

*'  As  constituting  a  committee  appointed  for  that  purpose  by  the  Britbh 
Association  for  the  Advancement  of  Science,  we  beg  to  call  your  Lordship  s 
attention,  and  that  of  Her  Majesty's  Goveruqient,  to  the  untoward  condition 
and  slow  progress  of  the  Geographical  Survey  of  Scotland. 

*'  In  the  year  1884,  when,  for  the  first  time  assembled  at  Edinburgh,  the 
British  Association  prayed  the  Government  of  that  day  to  accelerate  mate- 
rially the  completion  of  a  work,  which,  notwithstanding  that  the  primary 
triangulation  was  commenced  in  1809,  had  not  produced  in  the  interrening 
25  years  a  single  practical  result.  It  was  then  shown,  that  the  grossest  errors 
pervaded  every  known  chart  and  map ;  and  although,  thanks  to  the  zeal  of 
the  Hydrographer  of  the  Navy  and  his  surveyors,  many  of  the  chief  head- 
lands have  since  been  laid  down,  the  mass  of  the  land  still  remains  in  the  same 
unsurveyed  condition. 

**  In  fact,  on  returning  to  Edinburgh  last  summer,  after  an  interval  of  16 
years,  the  British  Association  deeply  regretted  to  learn  that,  excepting  Wig- 
tonshire,  about  a  sixtieth  part  only  of  Scotland,  no  portion  of  the  kingdom  had 
been  mapped. 

*^  Permit  us  to  remind  your  Lordship  that,  although  in  consequence  of  many 
subsequent  appeals  from  other  public  bodies  (including  the  Royal  Society 
of  Edinburgh  and  the  Highland  Society),  the  Government  did  at  length,  in 
1840,  direct  the  survey  to  be  laid  down  on  a  scale  of  six  inches  to  a  mile,  or 
similar  to  that  of  the  Irish  survey,  so  feeble  and  inadequate  has  been  the 
force  employed,  that  in  judging  from  what  has  transpired  since  that  date, 

*  Which  compsrisons,  &c.  sre  £tf  too  nomeroiis  snd  complex  for  insertion  in  a  »nmmmj 
of  this  kind. 
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upwards  of  50  years  must  elapse  before  the  map  of  Scotland  can  be  com- 


**  It  is  to  this  point  that  we  specially  call  your  Lordship's  attention. 

**  The  people  of  Scotland  naturally  feel  that  they  are  entitled  to  equal  justice 
with  the  inhabitants  of  any  part  of  the  United  Kingdom,  in  respect  to  a  work 
on  which,  as  a  basis,  all  improvements  in  agricultural,  engineering  and  mi- 
ning affairs  are  so  intimately  dependent.  Under  this  feeling,  and  with  a 
strong  sense  of  the  value  and  importance  of  this  work  to  all  interests  in  their 
country,  they^ cannot  but  observe  that  whilst  the  map  of  Scotland  has  thus 
been  almost  in  abeyance,  and  that  66,000/.  only  has  been  expended  on  it 
during  the  present  century,  Ireland  actually  obtained  a  complete  survey  and 
map  in  the  space  of  20  years,  and  at  an  expenditure  of  820,000/.  sterling. 

"  Documents,  a  table  and  references  to  parliamentary  data  are  annexed,  to 
sustain  our  statement,  and  to  enable  your  Lordship  to  see  what  amount  of 
expenditure  will  suffice  to  bring  Scotland  into  a  position  which  has  been  long 
ago  attained  by  even  small  and  poor  states  on  the  Continent 

''  We,  therefore,  implore  your  Lordship,  and  llcr  Majesty's  Government, 
to  endeavour  to  obtain  from  the  Parliament  an  annual  grant,  adequate,  if 
possible,  to  the  completion  of  this  map  within  the  next  10  years,  for  we  are 
confident  that  the  appeal  we  have  ventured  to  make  is  in  unison  with  the 
earnest  wishes  of  all  classes  of  the  people  of  Scotland. 
"  We  have  the  honour  to  be, 

«  My  Lord, 
**  Your  Lordship*8  most  obedient  Servants, 

(Signed)  *<  Argyll. 

Breadalbane. 
David  Brewster. 
Roderick  I.  Murchison. 
James  Forbes." 

The  Memorial  to  Lord  John  Russell  was  backed  in  the  following  manner 
by  the  undermentioned  proprietoi*s,  and  would  have  been  supported  by  many 
more  had  it  been  circulated  after  it  obtained  their  signatures:  **  We,  the  under- 
signed proprietors  in  Scotland,  do  cordially  approve  of  the  annexed  appeal  of 
the  Britbh  Association  for  the  Advancement  of  Science,  and  beg  to  express 
our  earnest  hope  that  Her  Majesty's  Government  will  accede  to  the  very 
reajionable  request  which  is  loudly  called  for  by  all  persons  in  North  Britain :— . 

(Signed)  "  Richmond. 

Eg  LINTON  and  Winton. 

F.  F.  Hamilton. 

Wm.  Alex.  Alexander. 

Cawdor. 

John  Hall,  of  Dunglass. 

G.  Grant  Suttie,  of  Preston  Grange. 
Minto. 

W.  Gibson  Craig. 

BUCCLEUCH,  &c. 
ROXBURGHE."       . 

Sir  Roderick  Murchison,  as  convener  of  the  above-mentioned  Com- 
mittee of  the  British  Association,  reports,  that  a  Committee  of  the  House  of 
Commons  having  adopted  the  views  advocated  by  the  British  Association, 
the  Pftrliament  has  since  granted  the  sum  of  £^,000  per  annum  for  the  exe- 


Digiti 


zed  by  Google 


372  BBPORT — 1851. 

cution  of  the  Map  of  Scotland  on  a  scale  of  one  inch*  to  a  mile,  and  tiiat  in 
consequence  it  is  estimated  that  the  wbcrie  work  may  be  completed  in  lO  or 
12  yean. 


PROVISIONAL  REPORT. 


Dr.  Gladstone  and  Mr.  G.  Gladstone  presented  a  Statement  of  the 
Progress  made  in  an  Inquiry  on  the  Growth  of  Plants  in  different  Gases. 
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NOTICES  AND  ABSTRACTS 

OF 

MISCELLANEOUS  COMMUNICATIONS  TO  THE  SECTIONS. 


MATHEMATICS  AND  PHYSICS. 


Mathematics. 

ne  PcmdUhgram  of  Meehamcid  Maanitudei. 
By  Homers  HAM  Cox,  B,A» 
Thb  following  six  kinds  of  magnitude  considered  in  mechanical  science, — 

Of  translation —  Of  rotation — 

Statical  forces.  Statical  couples. 

Linear  Telocities,  Angular  velocities. 

Linear  accelerations.  Angular  accelerations, 

all  conform  to  the  remarkable  and  well-known  law,  that  if  two  sides  of  a  parallelo- 
gram represent  the  magnitude  and  direction  of  two  components  of  either  kind,  their 
resultant  is  similarly  represented  by  the  diagonal. 

It  is  here  proposed  to  show  that  this  law  may  be  proved  for  the  six  kinds  of  mag- 
nitude indifierently  by  a  method  of  demonstration  common  to  them  ail.*  It  is  clear 
that  such  a  demonstration  can  be  derived  only  from  fundamental  principles  common 
to  them  all,  and  it  is  very  interesting  to  trace  out  these  axioms,  which  may  be  re- 
garded as  die  abstract  causes  of  the  coiocidence  of  the  laws  of  the  effect  of  mechani- 
cal agents  of  nature  so  diverse  as  those  above  specified.  Extraneous  and  unneces- 
sary considerations,  imported  into  the  particular  demonstrations,  are  excluded  from 
the  general  demonstration,  which  involves  no  empirical  axioms,  and  deduces  its  re- 
salts  solely  from  analvtical  and  geometrical  principles,  and  the  definitions  of  the 
measures  of  the  magnitudes  considered. 

The  direction  of  a  couple,  angular  velocity,  or  angular  acceleration  is  here  defined 
to  be  the  direction  of  the  axis  about  which  eidier  respectively  tends  to  turn,  or  turns 
a  system  of  material  parts,  of  which  the  relative  positions  do  not  vary.  The  mea- 
sure of  the  relative  magnitudes  of  couples  is  the  relative  magnitudes  of  their  mo- 
ments. The  measure  of  the  relative  magnitudes  of  angular  velocities  is  the  relative 
magnitudes  of  the  angles  through  which  they  respectively  turn  in  a  given  time,  a 
system  of  material  parts  of  which  the  relative  positions  do  not  vary.  The  measure 
of  the  relative  magnitudes  of  angular  accelerations  is  the  relative  magnitudes  of  the 
angular  velocities  which  they  respectively  generate  in  a  given  time.  The  other  terms 
used  in  this  demonstration  do  not  here  require  definition. 

From  the  defiuitions  of  a  Resultant,  and  of  the  measures  of  the  six  kinds  of  mag- 
nitude above  specified,  it  may  be  shown  that — 

I.  The  resultant  of  components  having  the  same  direction  is  their  algebraical  sum. 
Therefore  (IL)  two  equal  and  opposite  components  destroy  each  othePs  effect. 

The  inclination  of  the  resultant  of  two  components  inclined  to  each  other  at  a 
given  angle  is  independent  of  the  unit  by  which  they  are  measured,  and  depends 
solely  on  their  relative  (not  absolute)  magnitude — conversely. 

(in.)  The  mclination  of  the  resultant  of  two  components  inclined  at  a  given  angle 
aetermii^es  their  relative  magnitude. 
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The  relative  magnitude  of  the  resultant  is  independent  of  the  unit  hf  wfaidi  the 
components  are  measured.    Consequently, 

(IV.)  Of  two  components  inclined  at  a  given  angle,  the  relative  magnitude  deter- 
mines the  relative  magnitude  of  the  resultant. 

Let  two  perpendicular  components,  repre* 
sented  in  direction  hy  M,  p,  be  inclined  to 
their  resultant  S,  at  the  same  angles  re- 
spectively  as  two  others,  9,  N,  respectively 
to  their  resultant  R. 

Let  M,  N  meet*  and  be  equal  tod  oppo- 
site. •  It  is  clear  by  the  geometry  that  R,  S 
is  a  right  angle. 

R,  S  together  are  equivalent  to  M,p,  9,  N, 
and  therefore  Xo  v,  q  (since  M,  N  by  (II.) 
destroy  each  other  s  effect) ;  since  p  and  q  are 
in  the  same  direction,  p+7  hy  (I.)  is  the 
magnitude  of  the  resultant  of  R,  S. 

p+g  is  inclined  to  its  perpendicular  components  at  the  same  angles  as  R  to  ib 
perpendicular  components.  Hence  (III.),  the  relative  magnitude  of  the  oomponeDts* 
must  be  the  same  iu  both  cases.  As  then  these  two  pairs  of  perpendicular  compo- 
nents have  the  same  ratio,  the  relative  magnitude  (IV.)  of  the  resultant  most  be  the 
same  in  both  cases,  or 


£+J+5.  Similwly,  ?+£=§, 
B.        q  op 


.(p+9)»=R«-hS«, 


which  determines  the  magnitude  of  the  resultant  of  two  perpendicular  components. 

By  geometry,  if  the  square  of  one  side  of  a  triangle  be  equal  to  the  sum  ai  the 
squares  of  the  other  sides,  the  triangle  is  right-angled ;  therefore  if  a  triang^  have 
three  sides  representing  the  magnitudes  of  two  perpendicular  components  and  their 
resultant  respectively,  it  is  right-angled. 

Let  now  A  5,  B  5  represent  the  mag-  ^ 

nitudes  of  any  two  perpend icular  com-  -^ 

ponents.  Therefore  by  the  above,  the 
hypothenuse  A  B  of  the  right-angled 
triangle  A&B  represents  the  magni- 
tude of  the  resultant. 

Let  A  c,  C  c  represent  the  magni- 
tudesoftwoother  components,  whereof-^ 
C  c=B  b  and  A  c  is  of  any  magnitude  whatever.     Therefore  A  c,  the  hypothenuse 
of  the  right-angled  triangle  A  C  c,  is  the  resultant  of  A  c,  C  c. 

Let  the  directions  of  components  equal  to  B  6  or  C  c  meet  at  A  and  be  opposite. 
Then  these  components  destroy  each  other's  effect,  and  there  remain  A  6,  A  c  having 
the  same  direction,  and  therefore  A&+Ac  is  the  magnitude  of  the  resultant  of  com- 
ponents represented  in  magnitude  by  AB,  AC. 

Take  the  straight  line  ca=A6,  therefore  the  straight  line  Ac=A6-l-Ac.  In  tri- 
angles AB6,  cCfl,  A6=cA,  Bbz=Cc,  angle  6=  angle  c.  Therefore  AB=:aC.  Simi- 
larly, in  triangles  ACc,  Bba,  AC=Ba.     Therefore  ABaC  is  a  parallelogram. 

It  is  clear  that  AB«  AC  may  be  components  of  any  magnitude,  and  inclined  to  eidi 
other  at  any  angles  whatever.  Hence,  the  above  determines  generally  the  flM^iiMr 
of  the  resultant  of  two  such  components. 

To  find  the  direction  of  the  result- 
ant. 

Let  AA,  AC  represent  the  direction 
and  magnitude  of  the  components 
of  which  the  directions  meet  at  A. 
Therefore  by  the  preceding  proposi- 
tion, Aa  represents  the  magnitude  of 
the  resultant.  Draw  in  the  direction 
opposite  to  that  in  which  this  resultant 
acts, 

A£=Ao   .     .     . 
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Therefore  the  mechanical  magnitudes  represented  in  magnitude  and  direction  by 

AB,  AC,  AE  destroy  each  other's  effect (2.) 

Complete  the  parallelogram  BE, 

.-.  FB=AE=Aa (3.) 

and  by  the  preceding  proposition  AF  represents  the  magnitude  of  the  resultants  of 

AB,  AE. 

By  (2.)  the  resnltant  of  AB,  AE  is  equal  and  opposite  to  AC ; 

.•.AF=:AC=Bfl (4.) 

and  CAF  is  a  straight  line. 

From  (3  and  4)  Fa  is  a  parallelogram,  and  because  FB  ||  AD,  and  CAF  a  straight 
line,  Z  flAC=:  z  BFA,  But  Z  BFA=  Z  FAE ;  .•.  Z^AE,=.  Z  a  AC  ;  .-.  EAa  is  a 
straight  line.     But  EA  was  drawn  opposite  to  the  direction  of  the  resultant  of  AB, 

AC.  This  direction  is  therefore  the  diagonal  of  the  parallelogram  BC. 
The  theorem  is  therefore  demonstrated. 

It  is  clear  that  this  general  theorem  may  be  made  the  common  basis  of  the  three 
aciences  of  Statics,  Kinematics  and  DrNAMics,  in  the  two  parts  of  each  which 
respectively  treat  of  points  and  bodies  of  finite  magnitude. 


Summary  of  the  Results  of  the  Hypothesis  of  Molecular  Vortices,  as  applied 
to  the  Theory  of  Elasticituand  Heat,  By  William  John  Macquorn 
Rankine,  C.E.,  F,R.SjE. 

This  paper  gives  a  general  view  of  the  results  of  a  peculiar  mode  of  conceiving  that 
theory  which  regards  the  elasticity  connected  with  heat  as  the  effect  of  the  centri- 
fugal force  of  small  molecular  motions.  Each  atom  of  a  body  is  supposed  to  con- 
sist of  a  nucleus  enveloped  by  an  elastic  atmosphere.  The  nuclei  of  the  atoms, 
vibrating  independently,  or  almost  independently  of  their  atmospheres,  constitute  the 
medium  which  transmits  light  and  radiant  heat.  By  supposing  a  small  portion  of 
atmosphere  to  form  a  load  on  each  nucleus,  varying  in  amount  according  to  the  di- 
rection in  which  the  nucleus  vibrates,  the  phaenomena  of  double  refraction  may  be 
explained*  (see  Philosophical  Magazine  for  June  1851).  The  total  elasticity  of  a 
body  consists  of  two  parts,  one  which  may  be  resolved  into  forces  acting  along  the 
lines  joining  the  atomic  nuclei,  and  which  resists  change  of  figure  as  well  as  change 
of  volume ;  and  another  which  cannot  be  so  resolved,  and  which  resists  change  of 
volume  only  (see  Cambridge  and  Dublin  Mathematical  Journal  for  February  and 
May  1851). 

Part  of  this  total  elasticity  is  the  pressure  of  the  atomic  atmospheres  at  certain 
surfaces  which  may  be  described  round  each  atomic  nucleus,  and  at  which  the  re- 
sultant of  the  molecular  attractions  and  repulsions  is  null.  Tliis  pressure  varies  with 
heat ;  that  is  to  say,  it  is  increased  by  the  centrifugal  force  of  the  movement  of  re- 
volution of  the  particles  of  the  atomic  atmospheres.  If  v  represent  the  mean  velo- 
city of  that  movement,  and  g  the  accelerating  force  of  gravity,  then  Q=r-  is  the 

quantity  of  heat  in  unity  of  weight  of  the  substance. 

Two  bodies  are  said  to  be  at  the  same  temperature  when  neither  tends  to  commu- 
nicate heat  to  the  other ;  and  degrees  of  temperature  are  measured  by  the  pressure 
of  a  perfect  gas  at  constant  volume.  Let  r  represent  temperature,  as  measured  from 
an  ciisolute  zero  274^'6  Centigrade,  or  494^*28  Fahr.  below  the  temperature  of  melt- 
ing ice  ;  then 

and  Q=(T-*)^, 

where  x  is  a  constant,  the  same  for  all  substances,  but  varying  with  the  thermo- 
metric  scale ;  h  is  the  coefficient  of  elasticity  of  the  atomic  atmosphere,  and  k  a  co- 

'  *  These  motions  being  communicated  from  the  atomic  nuclei  to  their  atmospheres,  con- 
stitute that  fixed  heat  which  gives  rise  to  increase  of  elasticity. 
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efficient  having  a  specific  value  for  each  sabstance,  depending  on  iU  chemical  cou- 
rt 
stitution.     ---  is  the  real  apecifie  heat.    Let  this  be  denoted  by  1. 
2k 
The  expansive  pressure  of  any  substance  is  represented  as  follows  : — Let  V^  be  tlie 
volume  which  unity  of  weight  of  the  substan<^,  if  in  the  state  of  perfect  gaa^  would 
occupy  at  the  absolute  temperature  t,  under  the  pressure  unity ;  r  the  actoal  afaco* 
lute  temperature;  V  the  actual  volume  of  unity  of  weight;  Ai«  A,,  &c.,  and/  (V) 
certain  functions  of  the  density ;  then 

pre««re=P=^  .  ^{  l-:^-^_^-&c. }  +/(V). 

This  formula  represents  perfectly  the  results  of  M.  Regnault's  experiments  on  the 
pressure  and  expansion  of  gases  (Trans.  Roy.  Soc.  Edin.  vol.  xx.). 

The  maximum  pressure  of  a  vapour  in  contact  with  its  liquid  is  expressed  by  die 
formula 

»,  /9,  y  having  specific  values  for  each  fluid  (see  Edin.  New  Philosophical  Journal 
July  1849). 

If  unity  of  weight  of  a  substance  be  made  to  undergo  the  change  of  temperatue 
dr  and  the  change  of  volume  <IV,  the  follovnng  is  the  quantity  of  heat  wUdi  it 
must  receive, — 

'■«="•  {»+^~S)+<'-i/>'} 

+iV.(r-.)^, 

of  which  Mr  alone  remains  in  the  body  as  heat ;  the  rest  being  transformed  into 
expansive  power  and  molecular  action.  From  this  equation  are  deduced  the  known 
laws  of  the  apparent  specific  heat  of  gases,  and  the  velocity  of  sound. 

d .  Q— PdY  is  an  exact  differential.  This  is  the  algebraical  statement  of  the  law 
proved  experimentally  by  Mr.  Joule,  of  the  equivalence  of  heat  and  mechanical 
power. 

The  total  heat  of  evaporation  of  a  liquid  increases  uniformly  with  temperature,  and 
the  rate  of  its  increase  b  equal  to  the  apparent  specific  heat  of  the  vapour  under 
constant  pressure. 

The  apparent  specific  heat  of  a  vapour  at  saturation  is  negative ;  that  b  to  say,  if 
vapour  at  saturation  be  allowed  to  expand,  it  must  receive  heat  from  without,  or  a 
portion  will  be  liquified  to  supply  the  heat  required  to  expand  the  rest.  This  resolt 
has  also  been  arrived  at  by  Clausius. 

If  a  body  be  expanded  by  heat  at  a  higher  temperature  ri,  and  condensed  at  a 
lower  To,  a  certain  proportion  of  the  heat  employed  in  expanding  it  will  be  trans- 
formed into  expansive  power ;  and  this  proportion  is  a  function  of  those  two  tem- 
peratures alone,  being  represented  by 

and  is  independent  of  the  nature  of  the  substance.  This  principle  is  known  as 
Camot*9  Law ;  and  its  consequences  have  also  been  invest^ted  by  Clausius  and 
Professor  William  Thomson. 

The  results  of  these  theoretical  principles,  as  applied  to  the  steam-engine,  have 
been  developed  in  practical  formulae  and  tables,  and  compared  with  experiment,  and 
the  agreement  is  in  all  cases  most  satisfiictory  (Trans.  Roy.  Soc.  Edin.  vol.  xx.). 


On  the  Velocity  of  Sound  in  Liquid  and  Solid  Bodies  ffLindted  Dimen- 
sionsy  egpeciaify  akmg  prismatic  masses  <f  liquid.    By  W.  J.  M.  Rankiks. 

This  paper  is  a  sequel  to  one  read  at  Edinburgh  to  the  British  Association  in 
August  1850,  and  published  in  the  Cambridge  and  Dublin  Mathematical  Journal  for 
February  1851,  on  the  Laws  of  Elasticity. 
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Its  immediate  object  is  to  determine  to  what  extent  our  present  knowledge  of  the 
cK>ndition  and  properties  of  elastic  bodies  enables  us  to  ose  experiments  on  the  velocity 
of  sound  in  them  as  data  for  calculating  the  elasticity  of  the  materiab.  If  it  were 
possible  to  ascertain  the  velocity  of  propagation  of  vibratory  movements  along  the 
axes  of  elasticity  of  an  indefinitely  extended  mass  of  any  substance*  we  could  at  once 
<:alcnlate  the  coefficients  of  elasticity  of  the  substance ;  for  in  such  a  mass  we  can 
assign  the  directions  of  molecular  oscillation  corresponding  to  each  direction  of  propa- 
gation, and  consequently  the  nature  of  the  elastic  force  called  into  play.  Such  experi- 
ments, however,  are  possible  in  air  and  water  only.  For  other  substances,  the  best 
data  which  it  is  practicable  to  obtain  are  experiments  on  the  velocity  of  sound  along 
prismatic  or  cylindrical  masses. 

The  author  in  the  first  place  integrates  the  equations  of  small  molecular  oscilla- 
tions in  elastic  bodies  of  limited  dimensions,  and  of  any  structure,  and  afterwards 
investigates  the  special  results  to  which  they  lead  in  the  case  of  uncrystallized  media 
generally,  and  of  prismatic  bodies  of  liquid  in  particular.  The  principal  positive  con- 
clasions  arrived  at  may  be  summed  up  as  follows : — 

I.  In  liquid  and  solid  bodies  of  limited  dimensions,  the  freedom  of  lateral  motion 
possessed  by  the  particles  causes  vibrations  to  be  propagated  less  rapidly  than  in  an 
unlimited  mass. 

II.  The  symbolical  expressions  for  vibrations  in  limited  bodies  are  distinguished 
by  containing  exponential  functions  of  the  coordinates  as  factors ;  and  the  retardation 
referred  to  depends  on  the  coefficients  of  the  coordmates  in  the  exponents  of  those 
ftinctions,  which  coefficients  depend  on  the  molecular  condition  of  the  body's  surface, 
a  condition  as  yet  imperfectly  understood.  [Exponential  functions  in  the  equations 
of  small  oscillations  have  not  hitherto  been  used,  except  in  the  theory  of  waves  pro- 
pagated by  gravitation,  by  Mr.  Green,  in  that  of  total  reflexion,  and  by  Professor 
Stokes,  in  investigating  the  possible  effect  of  radiation  on  the  velocity  of  sound.] 

In  an  uncrystallized  body  in  particular,  if  A  represent  the  coefficient  of  longitu- 
dinal elasticity ;  that  is  to  say,  the  quantity  by  which  an  elongation  or  compression, 
enthoui  lateral  yielding,  must  be  midtiplied  in  order  to  give  the  pressure  per  unit  of 
area  to  which  it  corresponds* ;  if  D  denote  the  weight  of  unity  of  bulk  of  the  sub- 
stance, and  g  the  accelerating  force  of  gravity,  then,  while  \/r=^  denotes  the  velo- 
city of  sound  in  an  unlimited  expanse  of  the  substance,  that  b  a  body  of  limited 
dimensions  is  denoted  by  a  /-^  .  (l— A'),  where  A  is  a  quantity  depending  on  the 

figure  and  molecular  condition  of  the  body's  surface,  and  entering  into  the  exponents 
of  the  exponential  factors  in  the  equations  of  motion.  The  tnjectory  or  orbit  of  an 
oscillating  particle  is,  generally  speaking,  a  straight  line  in  an  unlimited  expanse, 
and  an  ellipse  in  a  limited  body. 

III.  If  we  adopt  the  hypothetical  principle,  that  at  the  free  surface  of  a  tfibrating 
moMt  ef  Uquid  the  normal  preeeure  depending  on  the  mutual  aetioiu  of  atomic  centree 
onlg  ie  always  null,  then  we  deduce  from  theory  that  the  ratio  Vl— A':  1  of  the 
velocity  of  sound  along  a  mass  of  fluid  contained  in  a  rectangular  trough  to  that  in 
an  unlimited  expanse,  is  V^2  :  V^3,  that  ratio  being  independent  of  the  specific 
rigidity  of  the  liquid,  provided  only  that  it  has  some  amount,  however  small.  This 
theoretical  conclusion  is  exactly  verified  by  a  comparison  of  the  numerous  experiments 
of  M.  Wertheim  on  the  velocity  of  sound  in  water  at  various  temperatures,  from  15° 
to  60**  Centigrade,  in  solutions  of  various  salts,  in  alcohol,  turpentine  and  aether  (Ann. 
de  Ch.  et  de  Phys.  Ser.  III.  torn,  xxiii.),  with  those  of  M.  Grassi  on  the  compressi- 
bility of  the  same  substances  (Comptes  Rendus,  xix.  p.  153),  and  with  the  experi- 
ments of  MM.  Colladen  and  Sturm  on  the  velocity  of  sound  in  an  expanse  of  water. 
To  these  may  be  added  the  following  negative  conclusions : — 

IV.  We  are  not  warranted  in  concluding  from  M.  Wertheim's  experiments  (as 
he  is  disposed  to  do)  that  liquids  possess  a  momentary  rigidity  as  great  as  that  of 

*  The  qntntity  A  is  greater  than  the  modulus  of  elasticity,  because,  in  computing  the 
lattw  quantity,  the  partides  are  supposed  at  liberty  to  yield  laterally. 
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solids ;  seeing  that  any  amount  of  rigidity,  however  smaU,  will  aooonnt  for  the 
phsBnomena,  if  we  adopt  certain  suppositions  as  to  molecalar  forces. 

V.  Our  knowledge  of  molecular  forces  is  not  as  yet  sufficiently  advanced  to  enable 
us  to  use  experiments  on  the  velocity  of  sound  as  a  means  of  determining  accurstely 
the  coefficients  of  elasticity  of  solids. 

If  we  adopt  for  them  the  hypothesis  already  stated  with  respect  to  liquids,  a  theo- 
retical investigation  given  in  an  Appendix  shows  that  the  velocity  of  sound  in  a  cylin- 
drical rod  of  an  uncrystallized  substance,  whose  surface  is  absolutely  free,  will  be  less 
than  that  in  an  unlimited  expanse  in  a  ratio  which  is  sensibly  1 :  V^for  a  very 
slender  filament,  and  approaches  V^2  :  V^as  the  diameter  of  the  rod  increases ;  bat 
the  absolute  freedom  of  the  surface  cannot  be  realized  in  practice ;  the  means  ased  in 
fixing  the  rod  tend  to  restrain  the  lateral  oscillations  and  accelerate  the  velocity  of 
sound.  The  ratios  ascertained  by  experiment  range  from  ^2  :  V^3  to  near  equality ; 
but  they  are  not  sufficiently  numerous  to  form  data  for  any  definite  conclusions'. 

The  oscillations  treated  of  in  the  special  problems  of  the  body  of  the  paper  bang 
of  a  kind  called  nearly  longitudinal,  a  second  Appendix  is  added,  containing  the 
general  equations  of  another  kind,  called  nearly  tranaverte,  in  uncrystallized  bodies. 


On  a  General  Theory  of  Gases.    By  J.  J.  Waterstok,  Bombay. 

The  author  deduces  the  properties  of  gases,  with  respect  to  heat  and  elasticity, 
from  a  peculiar  form  of  the  theory  which  regards  heat  as  consisting  in  small  but 
rapid  motions  of  the  particles  of  matter.  He  conceives  tbat  the  atoms  of  a  gas,  being 
perfectly  elastic,  are  in  continual  motion  in  all  directions,  being  restrained  within  a 
limited  space  by  their  collisions  with  each  other,  and  with  the  particles  of  sorroandtng 
bodies.  The  vis  viva  of  those  motions  in  a  given  portion  of  gas  constitutes  the  quan- 
tity of  heat  contained  in  it. 

He  shows  tbat  the  result  of  tliis  state  of  motion  must  be  to  give  the  gas  an  elasti- 
city proportional  to  the  mean  square  of  the  velocity  of  the  molecular  motions,  and  to 
the  total  mass  of  the  atoms  contained  in  unity  of  bulk ;  that  is  to  say,  to  the  density 
of  the  medium.  This  elasticity,  in  a  given  gas,  is  the  measure  of  temperature. 
Equilibrium  of  pressure  and  heat  between  two  gases  takes  place  when  the  number  of 
atoms  in  unity  of  volume  is  equal,  and  the  vis  viva  of  each  atom  equal.  Tempera- 
ture, therefore,  in  uU  gases,  is  proportional  to  the  mass  of  one  atom  multiplied  by  the 
mean  square  of  the  velocity  of  the  molecular  motions,  being  measured  from  an  oise- 
lute  zero  491®  below  the  zero  of  Fahrenheit's  thermometer. 

If  a  gas  be  compressed,  the  mechanical  power  expended  in  the  compression  is 
transferred  to  the  molecules  of  the  gas  increasing  Uieir  vis  viva ;  and  conversely, 
when  the  gas  expands,  the  mechanical  power  given  out  during  the  expansion  is  ob- 
tained at  the  expense  of  the  vis- viva  of  the  atoms.  This  principle  explains  the  varia- 
tions of  temperature  produced  by  the  expansion  and  condensation  of  gases — the 
laws  of  their  specific  heat  under  different  circumstances,  and  of  the  velocity  of  sound 
in  them.  The  fall  of  temperature  found  on  ascending  in  the  atmosphere,  if  not 
disturbed  by  radiation  and  other  causes,  would  correspond  with  the  vis  viva  necessary 
to  raise  the  atoms  through  the  given  height. 

The  author  shows  that  the  velocity  with  which  gases  diffuse  themselves  is  propor- 
tional to  that  possessed  by  their  atoms  according  to  his  hypothesis. 


Light,  Heat,  Electricity,  Magnetism. 

On  the  Conduction  of  Electricity  through  Water. 
By  F.  C.  Bakewell. 
Mr.  Bakewell  stated  the  results  of  some  experiments  on  the  conduction  of  electri- 
tricity  by  water,  made  with  a  view  to  prove  that  an  electric  current  may  be  trans- 
mitted for  a  considerable  distance  through  unprotected  wires  immersed  in  waters 
The  experiments  were  conducted  on  Saturday  last  in  one  of  the  Hampstead  ponds. 
A  thin  copper  wire  (No.  20),  three  hundred  and  twenty  feet  long,' was  stretched  across 
the  pond,  and  two  copper  plates  ten  inches  square,  to  which  wires  were  soldered. 
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were  also  immersed  to  serve  as  conducting  plates  for  the  return  current.  A  Smee's 
battery  of  two  pairs  of  plates  was  used,  and  when  the  connexion  was  made  with  a 
galvanometer  on  the  opposite  bank,  a  steady  deflection  of  30^  was  jjiaintained,  and  a 
strong  blue  mark  was  produced  by  a  steel  electrode  on  paper  moistened  with  a 
solution  of  prussiate  of  potash  in  diluted  muriatic  acid.  In  this  experiment  the 
conducting  plates  were  placed  close  to  the  wire,  and  on  opposite  sides  of  it,  so  that 
the  return  current  passed  diagonally  across  the  exposed  wire.  The  water  in  this 
case  appeared  to  act  as  a  conductor  and  as  a  non-conductor  at  the  same  time,  in 
proportion  to  the  surfaces  exposed  to  its  influence.  In  the  next  experiment  the  wire 
was  doubled,  and  a  current  of  electricity  from  the  same  battery  was  transmitted 
through  the  wires,  both  being  immersed  in  the  water.  In  this  case  the  deflection 
of  the  needle  was  more  prompt,  and  it  continued  steady  at  45^.  From  these  ex- 
periments, which  Mr.  Bakewell  stated  were  a  conflrmation  of  those  undertaken  by 
Mr.  Bain  and  Lieut.  Wright  with  a  different  object  in  1841,  he  inferred  that  the  ex- 
posure of  a  large  surface,  as  the  electric  telegraph  wires  from  post  to  post,  presented 
greater  opportunity  for  the  dispersion  of  electricity  in  moist  atmospheres,  than  the 
.points  of  connexion  with  the  posts,  even  supposing  the  wires  to  be  entirely  unin- 
sulated and  connected  by  water  with  the  earth. 

On  a  New  Mode  of  lUumincUing  Opake  Objects  under  the  highest  potoers  of 
the  Microscope.  By  Charles  Bhooke,  M.B,,  P.B,S. 
A  parallel  pencil  of  rays  is  obtained  by  placing  a  camphine-Iamp  (which  of  all 
kinds  of  lamps  gives  the  most  intense  illumination)  in.  the  principal  focus  of  a  com- 
bination of  two  plano-convex  lenses.  This  pencil  is  received  on  the  surface  of  a 
small  parabolic  mirror,  the  vertex  of  which  is  truncated,  so  that  the  focus  of  the 
muTor  may  be  about  0*1  inch  beyond  the  truncated  edge.  The  rays  which  are  con- 
verging to  the  focus  are  received  on  the  surface  of  the  small  plane  mirror,  which  is 
attached  to  the  bottom  of  the  object-glass,  so  that  the  surface  of  the  mirror  may  be 
nearly  level  with  the  lowest  surface  of  the  object-glass.  All  the  rays  of  light  which 
tubtend  any  angle  from  that  of  the  object-glass,  up  to  about  170^,  are  thus  rendered 
available  for  the  illumination  of  the  object,  which,  as  it  is  illuminated  by  very  oblique 
jays,  must  not  be  placed  in  a  depression  or  cavity  of  any  kind. 

On  a  New  Arrangement  for  facilitating  the  Dissection  and  Drawing  of 
Obfects placed  under  the  Microscope,  By  Charles  Brooke,  M.B,,  F.R.S. 
Two  short  pieces  of  tube,  one  of  them  the  size  of  the  eye-piece,  the  other  the  same 
size  as  the  body  of  the  microscope,  are  attached  at  an  angle  of  about  4^  to  the  sides 
of  a  brass  box  containing  a  rectangular  prism.  The  smaller  tube  enters  the  body  of 
the  microscope,  and  the  larger  receives  the  eye- piece.  The  image  that  enters  the  eye 
is  now  inverted  in  a  plane  passing  through  the  axes  of  the  body  and  of  the  eye-piece ; 
and  in  order  to  erect  the  image,  a  cap  is  placed  over  the  eye- piece,  to  which  is 
attached  a  small  rectangular  prism,  having  its  axis  in  the  plane  in  which  the  image 
is  already  inverted.  This  arrangement  provides  a  very  convenient  position  of  the 
eye,  when  the  hands  are  engaged  in  manipulating  an  object  placed  under  the 
microscope. 

A  rectangular  prism  has  already  been  introduced  into  the  body  of  the  microscope 
by  Nachez ;  but  as  this  was  placed  near  the  object-glass,  it  must  to  a  certain  extent 
interfere  with  the  definition  of  the  object.  For  the  purpose  of  drawing,  a  small  piece 
of  parallel  glass  is  substituted  for  the  rectangular  prism  placed  in  front  of  the  eye- 
piece, through  which  the  drawing-paper  is  seen  directly  through  two  opposite  sur- 
faces, and  the  object  is  seen  by  reflexion  from  an  outer  surface  placed  at  an  angle  of 
about  45°  with  the  axis  of  the  eye-piece.  The  image  inverted  by  the  first  reflexion 
is  again  inverted  in  the  same  plane  by  the  second,  and  is  therefore  correctly  repre- 
sented in  the  drawing.  _._ 

On  the  Progress  of  Experiments  on  the   Conduction  of  Heat^  undertaken 
at  the  Meeting  of  the  British  Association  at  Edinmrghy  in  1850.    By 
Professor  J.  D.  Forbes,  Se€.R,SJS. 
After  the  close  of  the  Edinburgh  meeting  I  lost  no  time  in  preparing  for  the  pio^ 
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secutton  of  these  eiperimentB.  I  firet  of  all  ordered  a  series  of  thermometers  fitmi 
Fastr^  of  Paris.  I  had  next  to  devise  a  suitable  heating  apparatus ;  and  finaUv  I 
had  malleable  iron  bars  made,  my  experiments  having  as  yet  been  confined  to  tfial 
metal.  The  mode  of  conducting  the  experiments*  and  of  dedodng  results  from  tiiem, 
I  shall  not  now  enter  apon ;  because,  although  the  progress  of  the  ezperimente  has 
perhaps  been  as  great  as  the  difficulties  of  the  inquiry  and  my  very  limited  Insure 
entitled  me  to  expect,  I  think  it  very  desirable  to  repeat  and  extend  them  fardMr 
before  drawing  any  positive  conclusions.  I  may  state,  however,  that  my  meUkodbae 
been  communicated  to  Mr.  Air^,  the  President  elect  of  the  Association,  to  Ptotfeeeor 
Kelland,  and  to  another  scientific  friend,  and  I  have  received  every  enconragemeat 
from  these  gentlemen  to  proceed  in  the  inquiry,  which  will  I  hope  be  considered  by 
the  General  Committee  as  a  proof  that  these  experiments  have  not  been  lightly  un- 
dertaken. 

On  these  grounds  I  request  a  renewal  of  the  grant  of  501.  for  the  eneoing  year, 
although  it  is  not  at  all  likely  that  the  whole,  or  even  two- thirds  of  that  sun,  aluMild 
be  required.  Of  the  502.  granted  last  year,  I  have  spent  only  202.  1«.  Id.,  of  whidi 
a  detailed  account  has  been  handed  to  Uie  General  Treasurer.  Some  smaller  expenses 
are  still  unpaid.  Messrs.  Napier,  the  eminent  machine-makers,  have  g^ximndf 
supplied  two  edmirably  made  bars,  free  of  all  cost. 


Letter  addressed  to  Lieut.-Co].  Sabine,  S.A.  (Generai  Secretary)y 
by  Captain  £dw.  J.  Johnson,  R,N^  FJLS. 

This  communication  was  made  in  a  letter  to  GoL  Sabine,  of  which  the  foUowiag 
extract  gives  the  substance : — 

You  will  perceive  by  the  deviation  tables  of  H.M.  ships  Ajax  and  Blenheim*, 
that  if  no  heed  were  taken  of  the  deviation  when  regulating  the  ship's  courae,  the 
most  serious  consequences  might  be  apprehended. 

Taking  as  an  example  the  case  of  the  Ajax,  with  the  funnel  vp,  running  npoa 
an  easterly  course  at  the  rate  of  9  knots  per  hour,  a  simple  diagram  will  show 
that  in  24  hours  only,  if  no  allowance  were  made  for  deviation,  the  ship  would  be 
50  miles  out  of  the  reckoning ;  and  with  the  funnel  down,  the  error  would  be  increased 
to  72  miles  in  the  same  space  of  time,  while  the  case  of  the  Blenheim  would  not  be 
very  different. 

In  the  humid  and  misty  atmosphere  which  so  often  prevails  on  the  coasts  of  the 
British  Isles,  the  fact  that  a  ship  such  as  the  Ajax,  if  steered  a  compass  course  (bat 
without  allowing  for  deviation)  for  mid- channel  between  Ushant  and  the  Liard* 
would  instead  thereof  be  running  for  the  dangers  about  Ushant,  with  the  funnel  n>, 
and  with  it  down,  be  so  far  out  of  the  proper  course  as  to  be  advancing  towards  me 
rocks  south  of  Douamenez  Bay,  is  I  conceive  a  proper  example  to  show  the  import* 
ance  of  attending  to  the  effects  produced  upon  the  compass  under  the  two  conditions 
of  the  funnels  of  steam  ships. 

But  besides  the  practical  question,  I  wish  you  to  bring  under  the  notice  of  the 
Section,  the  following  results  which  I  obtained  with  reference  to  the  effect  of  holbw 
iron  cylinders  upon  the  compass,  when  placed  inside  of  each  other ;  the  object  being 
to  ascertain  whether  the  whole  difference  of  deviation,  under  the  two  conditions  of 
these  telescopic  funnels,  was  due  to  the  difference  of  their  elevation  and  depression 
only,  or  whether  a  portion  of  the  said  differences  was  attributable  to  the  induced 
magnetism  of  the  separate  parts  of  the  funnel,  when  lowered,  acting  upon  each 
other. 

As  it  would  have  required  more  time  than  could  be  afforded  to  hoist  the  parts  of 
these  huge  funnels  in  and  out  of  the  ship  while  the  requisite  successions  of  observn. 
tions  were  made,  I  procured  three  hollow  iron  cylinders,  of  smaller  dimensions,  \har 
several  diameters  being  such  as  to  admit  of  one  cylinder  being  placed  inside  of 
another,  and  leaving  a  space  of  about  an  eighth  of  an  inch  between  their  surfaces. 

Having  placed  a  standard  compass  on  one  of  the  pedestals  in  the  observatory,  and 
ascertained  the  magnetic  meridian  for  the  moment  by  the  collimator,  the  largest  or 
external  iron  cylinder.  No.  1,  was  brought  in,  and  placed  to  the  eastward  of  the  < 

*  Theae  ships  mount  58  guns  each,  and  have  enginei  (tf  450  hone  power. 
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|NM6,  the  principal  mass  of  the  cylinder  being  below  the  level  of  the  needle  and  card, 
and  its  upper  end  being  2^  inches  above  that  level. 

By  this  means  a  deflection  or  deviation  of  10^  10'  was  produced,  the  north  end 
of  the  needle  being  drawn  that  amount  to  the  eastws^d  of  the  correct  magnetic 
north. 

Cylinder  No.  2  was  next  placed  inside  of  No.  1,  when  the  deviation  was  increased 
to  12°  15'. 

Cylinder  No.  3  was  then  placed  inside  of  No.  2,  and  the  deviation  was  again  in- 
creased to  14°  16^  the  north  end  of  the  needle  being  drawn  to  the  eastward  in  each 
case. 

Hansteen's  magnetic  force  instrument  was  then  placed  with  the  centre  of  its 
needle  (as  nearlv  as  I  could  adjust  it)  in  a  similar  position  to  that  which  the  centre 
of  the  compass  nad  occupied,  and  the  following  results  were  obtained  :— 

Time  of  100  vibrations,  starting 
fh>m  an  arc  of  18^. 
t'revious  to  the  cylinders  being  brought  into  the  observatory    6'    57'' 

No.  1  cylinder  in  place 6     51 

No.  2  cylinder  in  place  inside  of  No.  1 6     47 

No.  3  cylinder  in  place  inside  of  No.  2 6     45 

The  force  instrument  being  removed,  a  dipping-needle  was  then  employed,  and 
the  following  are  the  results  of  the  observations : — 

Mean  of  Readings.  Dip. 
Previous  to  the  cylinders  being  brought  into  the  observatory    68°  37 ' 

No.  1  cylinder  placed  to  the  south  of  the  instrument  70    10 

No.  2  cylinder  m  place  inside  of  No.  1 70    27 

No.  3  cylinder  In  place  inside  of  No.  2 70    37 

The  conclusion  to  be  deduced  from  all  these  observations  appears  to  be,  that  to 
the  induced  magnetism  of  the  surfaces  of  each  cylinder,  acting  upon  each  other,  is 
due  a  portion  of  the  deviation ;  and  reasoning  by  analogy,  a  similar  deduction  is 
applicable  to  the  telescopic  funneb  of  steam  sUps. 

EesulU  qf  Experiments  with  three  Iron  Cylinders,  showing  their  JSjjfeci  upon  the  Cmr- 
pass,  the  Dipffing -Needle,  and  Hansteen's  Magnetic  Intensity  Instrument,  when 
placed  in  given  positions*     Observers,  Capt*.  Johnson  and  Mr.  Brunton. 

Time  of  100  YibnUions  of  Haosteen'i 
Intensity  Needle,  etarting  ftom  an 
arc  of  18».    N.  6'  67". 
Beating  of  distant  mark  before  the  cylinders  were 

brought  into  the  observatory N.  or  0°    C 

No.  1,  or  largest  cylinder  in  place  to  the  eastward 

of  the  compass N.  10°10' W.    6'  51" 

No.2.     Cylinder  in  place  inside  of  No.  1 N.  12  16  W.     6   47 

No.  3,  or  smallest  cylinder,  in  place  inside  of 
No.2 N.  14  16  W.     6  46 

the  north  end  of  the  needle  being  drawn  to  the  eastward  by  the  cylinders  in  each 
case.  The  main  body  of  the  cylinders  were  below  the  level  of  the  compass,  and 
their  upper  ends  2}  inches  above  the  said  level. 

Dip  before  cylinders  were  placed 68°  37' 

Dip  No.  1,  cylinder  in  place  to  the  south  of  the  needle  70    10 

Dip  No.  2,  cylinder  in  place... 70    27 

Dip  No.  3,  cylinder  in  place 70    37 

Ft.    In. 

Thickness  of  iron  cylinder 0    0^ 

Depth  of  cylinder   1     6 

Diameter  of  external  or  largest  cylinder.  No.  1  1     6 

Card  A  of  the  standard  "I  Length  of  the  two  outer  needles  (each)      0    5-^ 

compass /Ditto,  two  centre  ditto  0    7^ 

Length  of  the  needle  in  Hansteen's  intensity  instrument  0    2^ 

Length  of  tiie  dipping-needle   0    6^ 
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Tables  of  the  DeviaHona  qf  the  Compaeses  qf  H.ilf.  Steam  Ships  Ajax,  of  58  gm»,  amd 
Blenheim,  of  58  guns,^  under  the  two  conditione  of  their  funnels,  viz.  Up  md  Dowtu 
Observers,  Capt.  Johnson,  Commander  Strange,  and  Mr.  Thompson. 

These  ships  have  engines  of  450  horse  power,  and  are  propelled  by  the  screw. 
They  have  what  are  termed  telescopic  funnels,  capable  of  being  lowered  when  re- 
quired ;  the  Ajax  having  two  funnels  abreast,  the  Blenheim  one  funnel. 


Ajax. 

Blxhhbim. 

Direction  of 

Funnel  up. 

Futmel  down. 

Direction  of 

Funnel  up. 

Deviation 

1« 

Deviation 

•s^ 

Deviation 

"Sd 

Deviation 

^g 

•hip's  head 

of  standard 

•^  ■§ 

of  standard 

.§"■2 

ship's  head 

of  standard 

ofstandaid 

^13 

bysUmdard 
conxpusi 

compaM. 

II 

compass. 

1^ 

by  standard 
compass. 

compass. 

I'l 

compass. 

N. 

0  2(i 

E. 

0        / 
0    lO 

W. 

N. 

f    i 

B. 

0     1 
0  20 

& 

N.  by  E. 

1  40 

E. 

3  ao 

8   20 

E. 

N.  by  E. 

1  55 

B. 

4     0 

& 

N.N.K. 

6  40 

B. 

E. 

N.N.B. 

2  25 

B. 

8  10 

K 

N.fc.  by  N. 

9  10 

E. 

lo  50 

E, 

N.E.  by  N. 

4  20 

E. 

10  10 

B. 

M.S. 

11  20 

E. 

23  10 

E. 

N.E. 

6  45 

B. 

12    10 

R 

N.E.  by  E. 

13  20 

E. 

16  40 

E. 

N.E.  by  E. 

8  10 

E. 

1440 

B. 

B.N.E. 

13  10 

E. 

18  30 

E. 

E.N.E. 

8  40 

E. 

16    10 

R 

B.  by  N. 

11  30 

B. 

16  30 

E, 

E.  by  N. 

8  50 

E. 

x6  10 

R 

E. 

11  50 

B. 

x8    0 

E. 

B. 

9    0 

B. 

IS  SO 

R 

B.  by  8. 

11  30 

B. 

16  50 

E, 

B.  by  8. 

830 

B. 

14  30 

R 

B.S.B. 

9  50 

B. 

15    0 

B. 

B.8.E. 

7  40 

B. 

12  20 

R 

S.B.  by  B. 

9    0 

E. 

13  10 

R 

S.B.  by  E. 

6  28 

E. 

14  40 

R 

S.E. 

7  30 

B. 

11    0 

E. 

8.E. 

5    5 

E. 

9  40 

R 

S.B.  by  s. 

6  10 

E. 

9  40 

E. 

S.B.  by  8. 

3  40 

B. 

7    0 

R 

B.8.B. 

5  10 

E. 

7  10 

K 

8.8.B. 

235 

B. 

5  30 

R 

s.  by  E. 

4  30 

E. 

5  50 

E. 

8.  by  E. 

1    0 

E. 

a  30 

R 

8. 

1    0 

E. 

2  10 

E. 

8. 

0    0 

B. 

X  30 

R 

8.  by  w. 

1    0 

W. 

0  10 

w. 

8.  by  w. 

1  55 

W. 

0  50 

W. 

s.s.w. 

4    0 

W. 

3  40 

W. 

s.s.w. 

3  15 

W. 

3  30 

W. 

8.W.  by  8. 

4    0 

W. 

4  30 

w. 

8.W.  by  8. 

4  43 

w. 

5    0 

W. 

8.W. 

5  20 

W. 

8  40 

W. 

8.W. 

6  11 

w. 

7    0 

W. 

8.W.  by  w. 

8    0 

W. 

XI  50 

W. 

8.W.  by  w 

730 

w. 

9    0 

W. 

w.s.w. 

10  50 

W. 

>3  40 

W. 

W.S.W. 

9  40 

w. 

XI  30 

W. 

w.  by  8. 

13  20 

W. 

14  40 

W, 

w.  by  8. 

11  10 

w. 

13  40 

W. 

w. 

10  10 

W. 

16  40 

W. 

w. 

11  20 

w. 

15  4« 

W. 

w.  by  N. 

11  40 

w. 

14  30 

W. 

w.  by  N. 

11  55 

w. 

16  30 

W. 

W.N.W. 

11  40 

w. 

16  40 

W. 

W.N.W. 

12  45 

w. 

x6  50 

W. 

N.w.  by.w. 

10    0 

w. 

16  10 

fF. 

N.w.  by  w. 

12    5 

w. 

IS  40 

IF. 

N.W. 

8    0 

w. 

14  30 

W, 

N.w. 

11    0 

w. 

13  40 

IF. 

N.w.  by  N. 

6  10 

w. 

II     0 

W. 

N.w.  by  N. 

9    0 

w. 

XX  20 

W. 

N.N.W. 

4  40 

w. 

7  10 

W. 

N.N.W. 

635 

w. 

8  10 

IT. 

N.  by  w. 

2  50 

w. 

3  50 

W, 

N.  by  w. 

3    5 

w. 

4  "o 

W. 

Ft.    in. 

Height  of  standard  compass  above 

thedcck 5-8  0 

Distance  from  funnels 27  0 

Height  of  funnel  when  up   23  6 

Height  of  funnel  when  down  4  6 

Depth  of  funnel  below  deck  when 

down 19  0 

Diameter  of  each  funnel  4  0 

Thickness  of  tbe  iron  funnels 0  0^ 


Ft.  ia. 
Height  of  standard  compass  above 

the  deck 5  3| 

Distance  from  funnel  22  0 

Height  of  funnel  when  up  24  0 

Height  of  funnel  when  down  8  0 

Depth  of  funnel  below  deck  when 

down 16  0 

Diameter  of  funnel  6  0 

Thickness  of  iron  funnel 0  0^ 

Thickness  of  steam  chest 0  0^ 

£.  J.  J0HNB0N« 

Capt.  R.N.,  Superintendent  of  the 
Compass  Department. 
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Mr.  Bake^ell  read  a  paper  on  the  Copying  Electric  Telegraph,  and  illustrated  its 
action  by  experiments  with  the  instraments.  In  the  method  adopted  for  trans- 
mitting copies  of  writing,  the  letters  to  be  transmitted  are  written  on  tin-foil  with 
varnish,  so  as  to  present  a  conducting  and  a  non-conducting  surface.  The  foil  is 
placed  on  the  cylinder  of  the  transmitting  instrument,  and  a  metal  style  in  connec- 
tion with  a  voltaic  battery  presses  on  the  surface  of  the  cylinder  as  it  revolves.  By 
this  means  the  electric  current  is  continually  broken  when  the  style  is  resting  on  the 
varnish ;  and  as  the  style  is  made  to  traverse  by  an  endless  screw  from  one  end  of 
the  cylinder  to  the  other,  it  passes  necessarily  over  all  the  lines  of  the  writing,  and 
about  eight  times  over  each  line.  The  receiving  instrument  is  similar  to  the  trans- 
mitting  one,  and  on  to  the  cylinder  of  that  instrument  paper,  moistened  with  a  solu- 
tion of  prussiate  of  potass  in  diluted  muriatic  acid,  is  placed,  the  metal  style  on  that 
instrument  being  a  piece  of  steel  wire.  When  the  electric  current  from  the  positive 
pole  of  the  voltaic  battery  passes  through  the  steel  point  to  the  paper,  a  blue  mark  is 
made  by  the  production  of  prusaian  blue,  and  when  the  cylinder  is  in  motion  the 
effect  is  to  draw  a  series  of  spiral  lines  on  the  paper ;  but  as  the  lines  are  broken 
whenever  the  varnish  writing  on  the  transmitting  cylinder  interposes,  the  forms  of 
the  letters  are  transferved  from  one  instrument  to  the  other ;  the  writing  appearing 
of  a  pale  colour  on  a  ground  of  blue  lines  drawn  closely  together.  To  produce  this 
effect  it  is  requisite  £at  both  instruments  should  rotate  exactly  together,  and  this 
synchronous  movement  is  attained  by  means  of  an  electro-magnet ;  one  instrument 
being  made  to  regulate  the  other  by  retarding  its  motion  at  regular  intervals.  The 
regulation  of  the  instruments  is  also  facilitated  by  a  guide-line,  consisting  of  a  strip 
of  paper  placed  at  right  angles  to  the  writing,  by  which  means  the  person  in  charge 
of  the  receiving  instrument  can  ascertain  exactly  how  much  the  speed  of  the  two  in- 
struments differs,  and  by  the  addition  or  abstraction  of  weight  can  bring  the  gaps, 
formed  by  the  strip  of  paper,  to  fall  exactly  under  each  other,  which  indicates  that 
the  two  cylinders  are  revolving  at  the  same  rate.  It  was  stated  in  answer  to  ques- 
tions by  members  present,  that  two  hundred  letters  per  minute  might  be  copied  by 
the  instruments  exhibited,  and  that  five  hundred  a  minute  arc  attainable.  To  illus- 
trate the  facility  which  t^is  means  of  telegraphic  communication  affords  for  trans- 
mitting secret  messages,  an  apparently  blank  piece  of  paper  was  produced,  on  which 
a  message  had  been  impressed  invisibly  before  the  meeting  of  the  Section,  and  by 
brushing  it  over  with  a  solution  of  prussiate  of  potass  the  writing  became  instantly 
legible.  

Bemarks  an  Lord  Brougham's  Experiments  on  Light,  Sfc.inthe  Phil,  Trans, 
1850.  Part  L    By  the  Rev.  Professor  Powell,  F.R.S,  ^c. 

The  experiments  of  Lord  Brougham  "  on  the  properties  of  light,"  &c.,  are  re- 
garded by  their  author  as  offering  new  facts  at  variance  with  the  principle  of  inter- 
ference, hitherto  so  successfully  applied  to  all  phenomena  of  this  class.  They  seem 
therefore  to  call  for  some  remarks  as  to  their  actual  bearing  on  the  question.  The 
experiments  all  refer  to  the  well-known  phsenomena  of  diffraction-fringes  formed  by 
the  edge  of  an-opake  screen  ;  which  the  author  views  in  connexion  with  a  peculiar 
theory  of  inflecting  and  deflecting  forces ;  the  nature  of  the  effect  being  chiefly  inves- 
tigated by  placing  a  second  edge  at  some  distance  from  the  first  along  the  ray,  and  oc- 
casionally a  third ;  which  produces  changes  in  the  breadth  and  position  of  the  fringes. 
In  the  author's  attack  on  the  interference  theory  (especially  in  prop,  xi.),  some  mis- 
conception of  that  theory  appears  to  be  involved.  Though  the  undulatory  theory 
has  been  successfully  applied  to  the  general  subject  of  these  fringes,  yet  it  is  well 
known  that  the  application  of  the  formulas  to  any  but  the  simplest  cases  of  edges 
and  apertures  is  defective,  owing  to  the  great  complexity  of  the  resulting  expres- 
sions, and  the  impossibility  of  integrating  them  except  under  very  restricted  condi- 
tions. Thus  the  integration  has  not  been  extended  to  the  action  of  a  second  or  third 
edge  at  different  distances ;  this  last  case  being  obviously  the  same  as  that  of  an 
aperture  or  screen  whose  plane  is  inclined  to  the  path  of  the  rays.  Fresnel,  in  his 
justly  celebrated  memoir  (Sur  la  Diffraction  de  la  Lumi^re,  M^m.  de  Tlnstitut,  tome  v. 
for  1821,  published  in  1826,  note,  p.  452),  considers  hrieflg  this  very  case,  and  shows 
generally  that  the  fringes  will  not  be  symmetrical,  having  a  greater  extension  towards 
one  side ;  bat  he  does  not  give  any  analytical  investigation,  which  wonkl  manifestly 
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be  one  of  considerable  complexity.  In  an  attempl  to  dedace  these  expreMiont  at 
length,  it  has  been  found  that  the  expressions  become  extremely  oomplicated«  tbooxh 
it  seems  difficult  to  say  whether  they  may  not  still  yield  to  proper  treatment ;  the 
main  question  is»  whether  the  expenditure  of  time  and  trouble  would  not  be  greater 
than  any  results  likely  to  be  obtained  would  repay. 


The  Earl  of  Rosse  said  that,  haviag  observed  in  the  London  Papers  that  the  Pre* 
sident  of  the  Association  had  in  his  inaugural  address  conferred  upon  him  the  honour 
of  alluding  with  approbation  to  the  attempts  which  he  had  lately  made*  and  with 
considerable  success,  to  procure  plain  specula  of  silver  for  reflecting  telescopes,  he 
thought  that  perhaps  the  Section  might  wish  to  hear  some  particulars*  and  if  they 
could  spare  a  few  minutes  he  would  make  a  short  statement  on  the  subject. 

It  is  well  known  that  about  one-third  of  the  light  which  falls  upon  the  great  spe- 
culum of  the  Newtonian  telescope  is  lost  in  the  first  reflexion,  and  that  nearly  one- 
third  of  the  remainder  is  lost  in  the  second  reflexion.  Light  being  of  the  greatest 
importance,  especially  in  the  examination  of  faint  objects,  in  the  Heradieliao 
telescope  the  second  reflexion  has  been  dispensed  with  altogether ;  and  in  the  New- 
tonian telescope  attempts  have  been  made,  by  substituting  a  prism  for  the  flat  mirror, 
in  some  degree  to  reduce  the  amount  lost.  In  the  Herschelian  telescope  the  mirror 
is  inclined,  so  that  the  light  proceeding  in  a  direction  parallel  to  the  axis  of  the  tube 
is  reflected  to  the  centre  of  the  eye-glass  fixed  to  the  side  of  the  tube ;  there  is  thus 
but  one  reflexion.  A  consequence,  however,  of  placing  the  great  mirror  obliquely 
is,  that  though  it  may  be  truly  parabolic,  yet  a  pencil  of  light  proceeding  from  i 
point  in  an  object  will  not  be  reflected  to  a  point  as  it  should  be,  but  will  be  diffused 
over  a  certain  space.  In  a  telescope  of  3-feet  aperture  and  27-feet  focus,  the  dia- 
meter of  that  space  will  be  more  than  -riv^  of  an  inch,  so  that  the  magnifying  power 
employed  cannot  be  considerable  wiUiout  producing  indistinctness.  Were  it  pos* 
sible  to  work  the  surface  assigned  by  theory  for  oblique  reflexion  as  accurately  as 
the  surface  of  the  paraboloid,  we  should  have  the  light  without  the  indistinctness ; 
hut  that  has  not  yet  been  accomplished.  Where  specula  are  very  large,  it  has  been 
proposed  to  place  the  eye-glass  in  the  axis  of  the  tube,  and  it  has  l^n  contended 
that  the  light  interrupted  by  the  head  and  shoulders  of  the  observer  would  be  less 
than  t^e  light  lost  by  the  second  reflexion.  This  is  no  doubt  true,  and  various  ways 
have  been  suggested  of  placing  the  observer  so  that  the  light  interrupted  should  be 
a  minimum,  the  temperature  of  the  air  in  the  tube  remaining  at  the  same  time  un- 
disturbed. In  such  a  construction,  however,  there  would  be  great  diffraction,  and 
that  appears  to  me  to  be  an  insurmountable  objection.  The  rectangular  prism  was 
propos^  by  Newton  as  a  substitute  for  the  plain  speculum ;  and  with  a  prism  of 
2i  inches  aperture  by  Mertz,  the  saving  of  light  is  considerable.  Mertz  informed 
me  that  a  somewhat  larger  prism  might  be  made,  but  that  there  would  be  consider- 
able delay :  he  did  not  however  hold  out  any  hopes  of  beine  enabled  to  make  one 
large  enough  for  our  3-feet  speculum.  It  is  evident  that  as  the  size  of  the  prism  is 
increased,  the  amount  of  light  lost  in  passing  through  tiie  glass  will  be  greater,  and 
a  point  will  at  length  be  arrived  at,  sooner  or  later,  according  as  the  glass  is  more  or 
less  transparent,  when  the  light  lost  in  prismatic  reflexion  will  be  as  great  as  in  re- 
flexion from  a  speculum  of  metal.  It  occurred  to  me  that  a  small  prism  might  be 
substituted  for  a  large  one  by  placing  it  near  the  focus,  and  that  practically  uie  in- 
convenience of  a  small  field  might  be  obviated  to  a  certain  extent  by  employing  a 
plain  speculum  and  eye-piece  in  the  ordinary  way  for  general  work,  to  be  turned 
aside  by  a  suitable  contrivance  when  the  prism  was  to  be  made  use  of.  An  eye- 
piece, of  course  of  an  unusual  construction,  would  be  required,  and  it  does  not  seem 
practicable  to  make  such  an  eye -piece  with  two  lenses  achromatic:  the  four-glass 
eye-piece  would  be  so,  but  some  light  would  be  sacrificed.  How  far  the  want  of 
achromatism  would  interfere  with  real  work  I  have  not  proceeded  far  enough  to  be 
able  to  say.  Achromatic  prismatic  refraction  has  been  proposed  by  Sir  David 
Brewster  as  a  substitute  for  the  plain  speculum.  It  has  not,  as  far  as  I  am  aware 
of,  been  tried,  but  the  great  size  of  the  prism  which  would  be  required  appears  to 
me  to  be  a  serious  objection. 

Under  Uiese  circumstances,  it  is  obvious  that  where  there  was  a  reasonable  pro* 
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speet  of  obtaining  a  material  for  the  plain  speculum  more  reflective  than  the  alloy 
of  tin  and  copper,  no  time  nor  labour  could  be  misapplied  in  endeavouring  to  effect 
so  important  an  object.    It  was  not  until  Jamin'a  '  M^moire  sur  la  Couleur  dea 
M^taux '  appeared  in  the '  Annales  de  Chimie  '  for  1848,  that  I  was  aware  that  silver 
reflected  so  very  much  more  light  than  speculum  metal.    Jamin  states  that  he  has 
abundantly  verified  Cauchy's  formulae  for  the  laws  of  metallic  polarization  ;  and  from 
these  laws,  by  the  aid  of  certain  constants,  he  has  determined  the  intensity  of  light 
reflected  by  some  of  the  metals.     From  the  table  he  has  given,  it  appears  that  while 
speculum  metal  reflects  about  sixty  rays  out  of  a  hundred,  silver  reflects  ninety. 
Not  from  having  any  doubt  of  the  accuracy  of  Jamin's  deductions,  but  happening  tq 
have  the  means  at  hand,  I  made  a  few  coarse  photometric  measurements  of  the  re- 
lative reflective  powers  of  silver  and  speculum  metal,  and  the  results  appeared  to 
coincide  snfliciently  with  the  more  accurate  deductions  of  Jamin.    Not  feeling  very 
sanguine  as  to  the  practicability  of  procuring  an  accurate  surface  of  silver  by  me- 
chanical means,  owing  to  its  softness,  I  tried  the  electrotype  process  in  the  first  in- 
stance.   The  silver  was  thrown  down  upon  a  surface  of  highly  polished  speculum 
metal ;  but  in  every  case  where  the  speculum  metal  was  thoroughly  dean  there  was 
strong  adhesion,  so  that  separation  could  not  be  effected  without  destroying  both 
surfaces.    Hie  means  which  were  employed  to  guard  against  adhesion  in  electro- 
typing  the  engraved  copper  plates  for  the  Ordnance  Map  of  Ireland,  which,  in  fact, 
consisted  in  applying  an  extremely  thin  film  of  wax,  would  obviously  be  inadmissible 
in  this  case.    Several  attempts  to  precipitate  silver  on  a  steel  sjpeculum  failed,  as  the 
silver  had  not  a  proper  polish.    Being  however  vrithout  experience  in  electrotyping* 
I  do  not  consider  these  failures  conclusive.    Attempts  were  made  with  a  steel  die 
truly  polished  to  procure  accurate  polish  by  pressure.    This  did  not  succeed :  the 
surface  was  not  sufficiently  true,  owing  apparently  to  unequal  elasticity  in  the  tex- 
ture of  the  silver.    To  turn  or  plane  a  polished  surface  was  not  attempted,  as  the 
idea  had  suggested  itself  to  the  late  Mr.  Barton,  and  if  it  had  been  practicable  in 
his  hands  it  would  doubtless  have  succeeded,    lliere  remained  therefore  but  to  try 
some  'modification  of  the  ordinary  processes  of  polishing  metals.    A  difficulty  oc- 
curred in  the  beginning,  which  gave  considerable  trouble.     Owing  to  the  softness  of 
the  silver,  the*emery  employed  to  grind  it  flat  became  imbedded  in  it,  and  in  that 
state  to  polish  it  was  quite  impossible.    Without  grinding,  however,  there  seemed 
to  be  no  means  of  making  the  silver  sufficiently  flat,  as  Whitworth's  scraping  process 
had  been  tried,  and  was  not  found  to  be  sufficiently  delicate.    The  difficulty  was 
obviated  bv  employing  a  bed  of  German  hones,  by  which  the  silver  is  probably 
rather  filea  than  ground.    The  blue  hones  might  perhaps  be  employed  with  advan- 
tage after  the  German  hones,  but  I  have  not  tried  them.    The  silver  being  thus  pre- 
pared, I  tried  the  ordinary  process  of  polishing  on  pitch  in  vain,  employing  the 
pitch  of  various  degrees  of  hardness :  the  surface  of  the  silver  was  irregular  and  the 
polish  imperfect    The  silversmith  makes  use  of  chamois  leather  and  rouge,  some- 
times finishing  with  the  hand  charged  with  rouge  :  his  polish  is  very  brilliant,  but 
the  surface  is,  as  we  should  expect,  very  untrue,  as  for  example,  the  surface  of  a 
highly  finished  plateau.     It  was  radier  puzzling  to  find  that  while  chamois  leather 
chaiged  witii  rouse  polished  silver,  pitch,  however  soft,  did  not :  there  was  no  ap« 
parent  difference  in  tiie  two  cases,  but  this ;  that  the  pitch  slightly  shielded  by  the 
rouge  came  more  or  less  in  contact  with  the  silver,  while  the  chamois  leather,  hold- 
ing fast  the  stratum  of  rouge,  was  scarcely  in  contact  at  all  with  the  silver.    That 
this  was  the  true  reason  was  probable,  as  in  proportion  as  the  chamois  leather  was 
less  shielded,  the  process  was  imperfect.     It  is  evident  that,  however  fine  the  polish, 
a  true  surface  could  not  be  procured  by  the  action  of  an  elastic  material,  and  there- 
fore pitch  was  taken  as  a  basis ;  a  substance  which  is  solid,  and  at  the  same  time 
adapts  itself  in  the  most  perfect  manner  to  the  surface  to  be  polished.    We  pro- 
ceeded in  this  way :— Pitch  of  the  proper  hardness  for  polishing  speculum  metal  was 
covered  with  a  mixture  of  rouge  and  the  combination  of  ammonia  and  soap  which 
we  employ  in  polishing  specula.    The  silver  was  worked  upon  this  for  a  short  time 
to  force  the  rouge  into  the  pitch,  after  which  the  rouge  mixture  was  again  applied 
and  suffered  to  dry.    The  surface  was  then  slightly  moistened  with  spirits  g(  tur- 

Sentine,  and  more  of  the  rouge  mixture  applied.    The  following  day,  the  turpentine 
aving  evaporated,  there  was  a  rouge  surface,  perhaps  of  livth  of  an  inch  thickness. 
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upon  which  the  silver  was  polished,  using  fresh  rouge  and  ammonia  soap  just  as  if 
it  was  speculum  metal.  The  spirit  of  turpentine  had  long  been  exposed  to  the  lig^fat, 
and  consequently  was  slightly  adhesive.  Silver  was  several  times  polished  on  this 
surface  successfully,  and  a  plain  silver  speculum  so  polished  performed  well,  giving 
perfectly  sharp  images.  I  have  been  thus  minute  in  explaining  what  I  believe  to  be 
the  rationale  of  the  process  as  a  guide  to  others,  because,  having  as  yet  practised  it 
but  little,  I  may  perhaps  have  omitted  to  notice  some  things  apparently  non-essen- 
tial, but  which  are  really  not  so.        _____ 

On  a  new  Elliptic  Analyser,    By  Prof.  G.  G«  Stokes,  M,A^  FJLS. 

After  alluding  to  various  methods  which  had  been  employed  in  investigating  experi- 
mentally the  nature  of  elliptically-polarized  light,  that  is  to  say,  the  elements  of  the 
ellipse  described,  the  author  exhibited  and  described  a  new  instrument  which  he  had 
invented  for  the  purpose.  In  its  construction  he  had  aimed  at  being  in  all  import- 
ant  points  independent  of  the  instrument*  maker,  assuming  nothing  but  the  accuracy 
of  the  graduation. 

The  construction  is  as  follows : — A  brass  rim,  or  thick  annulus,  is  fixed  on  a 
stand,  so  as  to  have  its  plane  vertical.  A  brass  circle,  graduated  to  degrees,  turns 
round  within  the  annulus,  and  the  angle  through  which  it  is  turned  is  read  by  ver- 
niers engraved  on  the  face  of  the  annulus.  The  brass  circle  is  pierced  at  its  centre^ 
and  carries  on  the  side  turned  towards  the  iucident  light  a  plate  of  selenite,  of  such 
a  thickness  as  to  produce  a  difference  of  retardation  in  the  oppositely  polarized 
pencils  amounting  to  about  a  quarter  of  an  undulation  for  rays  of  mean  refrangibi- 
lity.  On  the  side  next  the  eye  the  brass  circle  carries  a  projecting  collar,  and  round 
this  collar  there  turns  a  moveable  collar  carrying  verniers,  and  destined  to  receive  a 
Nicol's  prism. 

The  observation  consists  in  extinguishing  the  light  by  a  combination  of  the  two 
movements.  The  retarding  plate  converts  the  elliptically-polarized  light  which  has 
to  be  examined  into  plane-polarized,  and  this  plane-polarized  light  is  extinguished 
by  the  Nicol's  prism.  There  are  two  distinct  positions  of  the  retarding  plate  and  the 
Nicol's  prism  in  which  this  takes  place.  In  each  of  these  principid  positions  the 
retarding  plate  and  the  Nicol's  prism  may  be  reversed  (i.e.  turned  through  180^), 
and  the  means  of  the  readings  in  these  four  subsidiary  positions  may  be  taken  for 
greater  accuracy.  The  readings  of  the  fixed  and  moveable  verniers  in  each  of  the 
two  principal  positions  are  four  quantities  given  by  observation,  which  determine 
four  unknown  quantities,  namely,  (1 )  the  index  error  of  the  fixed  verniers,  or,  which 
comes  to  the  same,  the  azimuth  of  the  major  axis  of  the  ellipse  described  by  the 
particles  of  aether,  measured  from  a  plane  fixed  in  the  graduated  circle ;  (2)  the 
ratio  of  the  axes  of  the  ellipse ;  (3)  the  index  error  of  the  moveable  verniers ;  (4) 
the  retardation  due  to  the  retarding  plate.  The  unknown  are  determined  by  the 
known  quantities  by  certain  simple  formulae  given  by  the  author. 

Let  these  unknown  quantities  be  denoted  by  I,  tan  0,  t,  and  ^,  respectively^ 
the  latter  being  reckoned  as  an  an^e,  at  the  rate  of  360^  to  an  undulation.  Let 
R,  r  be  the  readings  of  the  fixed  and  moveable  verniers  respectively  in  one  of  the 
principal  positions,  R',  r'  the  corresponding  readings  in  the  other ;  then 

1=R±5;      i=ll±r; 
2      '  2 

.        sin  {r'—r)  tan  {r^'-r) 

The  author  stated  that  he  had  made  a  good  many  observations  with  this  instra- 
ment  for  the  sake  of  testing  its  performance,  and  that  he  had  found  it  very  satisfac- 
tory. Inasmuch  as  light  is  not  homogeneous,  the  illumination  never  vanishes,  but 
only  passes  through  a  minimum,  and  in  passing  through  the  minimum  the  tint 
changes  rapidly.  This  change  of  tint  is  at  first  somewhat  perplexing ;  but  after  a 
little  practice,  the  observer  is  able  to  point  mainly  by  intensity,  taking  notice  of  the 
tint  as  an  additional  check  against  errors  of  observation.  T&e  accuracy  of  the  ob- 
servations is  a  little  increased  by  the  use  of  certain  rather  pale-coloured  glasses. 
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To  give  an  idea  of  the  degree  of  accuracy  of  which  the  instrumeat  ib  susceptible, 
suppose  the  ratio  of  the  axes  of  the  ellipse  described  to  be  about  3  to  1.  In  diis 
case  the  author  found  that  the  mean  error  of  single  obsen^ations  amounted  to  about 
a  quarter  or  the  fifth  part  of  a  degree  in  the  determination  of  the  azimuth,  three  or 
four  thousandths  in  the  determination  of  the  ratio  of  the'  minor  to  the  major  axis, 
and  about  the  thousandth  part  of  an  undulation  in  the  determination  of  the  re- 
tardation. 

On  account  of  die  accuracy  with  which  the  retardation  is  determined,  and  the 
largeness  of  the  chromatic  variations  to  which  it  is  subject,  the  instrument  may  be 
considered  as  determining,  not  only  the  elements  of  the  ellipse  described,  but  also  the 
refrangibility  of  the  light  employed,  or  its  length  of  wave,  which  corresponds  to  the 
refrangibility.  The  author  stated  diat  the  error  of  the  thousandth  part  of  an  undu- 
lation, to  wnich  the  determination  of  the  retardation  was  subject,  corresponded  to 
an  error  of  only  the  twentieth  or  thirtieth  part  of  the  interval  between  the  fixed  lines 
T)  and  E  of  Fraunhofer.  

On  Diamoffnetism  and  McignecrysUdUc  Action,    By  John  Tyndall,  Ph,D. 

One  of  the  most  important  inquiries  which  at  the  present  day  occupies  the  atten- 
tion of  the  student  of  physical  science,  is  the  relation  which  subsists  between  mag- 
netism and  diamagnetism.  ,Are  the  laws  which  govern  both  forces  identical  ?  Will 
the  mathematical  expression  of  the  attraction  in  the  one  case  be  converted  into  that 
of  the  repulsion  in  the  other  case  by^  a  change  of  sign  from  positive  to  negative  ? 

To  this  question,  M.  Plucker  replies  "  No."  His  experiments  have  led  him  to  the 
conclusion,  that  where  the  power  of  a  magnet  which  operates  upon  a  body  com- 
posed of  magnetic  and  diamagnetic  constituents  is  increased,  the  diamagnetism  of 
the  compound  mass  increases  in  a  much  quicker  ratio  than  the  magnetism ;  that  in 
consequence  of  this,  an  indifferent  body  is  a  physical  impossibility ;  for  a  body  in 
which  the  respective  forces  might  be  exactly  equal  and  opposite,  when  excited  by  a 
magnet  of  a  certain  strength,  would,  upon  lowering  the  power  of  the  magnet  below 
this  standard,  be  attracted,  and  by  increasing  the  power  of  the  magnet  beyond  this 
standard  be  repelled. 

During  a  previous  investigation,  the  author  of  the  present  memoir  had  repeated 
.  opportunities  of  observing  phsenomena  exactly  similar  to  some  of  those  which  form 
the  premises  of  PiUcker's  conclusion,  and  a  close  study  of  the  subject  convinced  him, 
that,  to  account  for  these  phsenomena,  the  hypothesis  of  two  conflicting  forces  in  the 
same  compound  mass,  the  one  or  the  other  of  which  predominates  according  as  the 
power  of  the  magnet  is  increased  or  diminished,  was  by  no  means  necessary. 

To  fit  himself  for  the  investigation  of  this  question,  he  commenced  an  inquiry  last 
November  into  electro-magnetic  attractions ;  one  cf  the  results  of  this  inquiry  was, 
that  a  sphere  of  soft  iron  separated  from  the  end  of  a  straight  electro-magnet  by  a 
small  fixed  distance,  was  attracted  by  the  latter  with  a  force  exactly  proportional  to 
the  square  of  the  exciting  current.  Now  this  attraction  is  in  each  case  the  product 
of  two  factors,  one  of  which  expresses  the  magnetism  of  the  magnet,  and  the  other 
the  magnetism  of  the  ball,  and  it  is  easy  to  see  that  while  the  attraction  increases  as 
the  square  of  the  current,  the  magnetism  of  the  ball  increases  in  the  simple  ratio  of 
the  current  itself. 

Our  way  to  a  comparison  of  magnetic  attraction  and  diamagnetic  repulsion  is 
DOW  clear.  We  know  the  law  according  to  which  the  magnetism  of  an  iron  ball 
increases,  and  we  have  only  to  inquire  whether  the  diamagnetism  of  a  bismuth 
ball  follows  the  same  law.  The  apparatus  used  in  the  former  case  proved,  however, 
to  be  totally  unfit  for  the  measurement  of  diamagnetic  force, — the  feebleness  of  the 
latter  rendered  a  much  more  delicate  mode  of  measurement  necessary. 

The  torsion  balance  was  the  instrument  finally  reported  to  by  the  author.  A  loop 
of  paper  was  attached  to  one  end  of  a  fine  silver  wire,  and  in  the  loop  rested  a  little 
beam  of  light  wood.  At  the  ends  of  the  beam,  which  was  6  inches  long,  two  spoon- 
shaped  hollows  were  worked  out,  in  each  of  which  a  ball  of  the  substance  to  be  ex- 
perimented with  might  be  placed.  Two  cores  of  soft  iron,  surrounded  by  helices  of 
copper  wire,  were  placed  at  right  angles  to  the  beam  when  horizontally  suspended, 
the  one  core  facing  the  ball  at  one  end,  and  the  other  core  facing  the  ball  at  the 
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other  end.  The  silver  wire  was  carried  upward  through  a  tabe  three  fee^  in  length, 
and  was  connected  at  the  top  with  a  torsion  head.  When  the  cores  were  excited^ 
by  sending  an  electric  current  Uirough  the  surrounding  helices,  the  balls  were  repelled. 
The  index  of  the  torsion  head  was  then  gently  turned  against  the  repubion  until  the 
balls  were  brought  withih  iV^h  of  an  inch  of  the  ends  of  the  respective  cores.  The 
torsion  necessary  to  effect  this«  is  evidently  the  expression  of  the  repulsive  foioe 
.  exerted  at  this  particular  distance. 

The  strength  of  the  exciting  current  was  measured  by  a  galvanometer  of  langsnts, 
and  it  was  regulated  by  means  of  a  rheostat.  The  cores  were  excited  by  conenti 
whidi  varied  from  10°  to  57S  and  the  corresponding  repulsions  were  determined. 
Spheres  of  the  following  diamagnetic  substances  were  used : — I,  bismuth  of  com- 
merce ;  2,  chemically  pure  bismuth,  obtained  by  dissolving  the  material  of  com- 
merce in  nitric  acid,  precipitating  it  with  distilled  water,  washing  the  precipitate  for 
six  days  successively,  and  reducing  it  by  means  of  black  flux ;  3,  sulphur  of  com- 
merce ;  4,  spheres  from  a  crystal  of  native  sulphur  obtained  in  Sicily  $  5,  calcareous 
spar  from  Clitheroe ;  6,  calcareous  spar  from  Andreasberg  in  the  Harz  mountaiDS. 
The  diamagnetism  of  all  these  spheres  followed  precisely  the  same  law  aa  the  mag- 
netism of  the  sphere  of  soft  iron  ;  it  was  exactly  proportional  to  the  exciting  current 

These  results  cannot  be  reconciled  with  the  statement  that  diamagnetism  iocieases 
with  the  increasing  power  of  the  magnet  in  a  much  quicker  ratio  than  magnetism* 
The  experiments  of  Plucker  might  be  accounted  for  in  many  ways,  but  such  explana- 
tions being  necessarily  conjectural  may  be  omitted  here! 

It  is  known  that  crystalline  bodies,  suspended  between  the  poles  of  a  magnett  ex- 
hibit phaenomena  which  are  absent  in  the  case  of  amorphous  bodies.  A.  certain 
line  through  the  crystal  will  take  up  a  determinate  position,  and  if  the  line  be 
forcibly  moved  away  from  this  position,  when  the  force  is  removed  it  will  return 
to  it.  Thus  a  crystal  of  pure  carbonate  of  lime  suspended  by  a  silk  fibre  betweea 
the  poles  with  its  optic  axis  horizontal,  will  always  turn  until  the  optic  axis  is  p^* 
pendicular  to  the  line  joining  the  poles,  in  which  position  it  will  come  to  rest.  This 
fact  was  discovered  by  PlUcker,  who  referred  it  to  tiie  operation  of  a  new  force,  which 
was  entirely  independent  of  the  magnetism  or  diamagnetism  of  the  mass  of  ths 
crystal. 

In  an  investigation  conducted  by  the  author,  in  companionship  with  Prof,  Knob- 
lauch of  Marburg,  this  hypothesis  of  a  new  force  is  rejected,  and  it  is  there  shown 
that  the  position  of  the  optic  axis,  so  far  from  bein^  independent  of  the  magnetism 
and  diamagnetism  of  the  mass,  is  entirely  changed  if  a  magnetic  constituent  be  sub- 
stituted for  a  diamagnetic.  Thus,  for  instance,  carbonate  of  iron  differs  from  carbo- 
nate of  lime  only  in  the  circumstance,  that  an  atom  of  iron  is  substituted  for  so 
atom  of  calcium.  Tlie  crystalline  form  in  both  cases  is  identical,  the  optic  axis  of 
carbonate  of  iron  sets,  nevertheless,  from  pole  to  pole,  with  an  energy  far  surpassing 
that  with  which  the  optic  axis  of  carbonate  of  lime  sets  perpendicular  to  tne  Uo» 
joining  the  poles. 

But  why  is  it  that  one  direction  in  the  crystal  takes  up  a  particular  position? 
The  torsion  balance  gives  a  prompt  answer  to  this  Question.  A  sphere  of  cal- 
careous spar  was  placed  upon  each  of  the  spoon-shaped  nollows  of  the  beam,  the  di- 
rection of  the  optic  axis  through  each  sphere  being  carefully  marked.  The  spheres 
were  first  placed  so  that  the  optic  axes  were  parallel  to  the  axes  of  the  soft  iron  cores* 
and,  seconidly,  perpendicular  to  the  same ;  the  repulsion  in  the  former  case  was  to 
the  repulsion  in  the  latter  in  the  ratio  of  53  to  48. 

If  a  bismuth  crystal  be  suspended  between  two  poles,  the  plane  of  most  eminent 
cleavage  will  always  set  perpendicular  to  the  line  joining  tne  poles,  that  is,  equa^ 
toriai.  A  cube  formed  from  this  crystal  was  placed  on  each  end  of  the  little  beam ; 
first,  so  that  the  planes  of  principal  cleavage  were  parallel  to  the  axes  of  the  cores, 
and  secondly,  perpendicular  to  them :— the  repulsion  in  the  former  case  was  to  the 
repulsion  in  the  latter  in  the  ratio  of  63  to  38. 

The  diamagnetic  mass  in  both  these  cases  is  repelled  with  a  greater  force  in  one 
direction  than  in  any  other  direction.  When  tbe-crystal  is  suspended  between  two 
poles,  the  line  which  marks  the  direction  of  maximum  repulsion  recedes  as  far  as 
possible  from  the  poles,  and  hence  sets  equatorial. 

A  result,  the  exact  antithesis  of  the  above,  was  observed  with  magnetic  crystsli* 
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A  cube  of  sulphate  of  iron  was  attracted  in  one  direction  by  a  force  of  43,  and  in 
another  direction  by  a  force  of  36*3.  A  sphere  of  carbonate  of  iron  was  attracted 
in  the  direction  of  the  optic  axis  by  a  force  of  43,  and  in  a  direction  perpendicular 
thereto  by  a  force  of  30*6.  When  these  crystals  are  suspended  between  two  poles, 
these  lines  of  chief  attraction  approach  the  poles,  aod  finally  set  axial. 

llius  we  see  that  the  phaenomena  exhibited  by  cr)'8tals  in  the  magnetic  field,  are 
to  be  referred  to  a  modification  of  magnetism  or  diamagnetism  depending,  no  doubt, 
upon  the  peculiar  structure  of  the  crystal.  Lei  us  endeavour  to  penetrate  this  my- 
stery of  structure.  Our  next  inquiry  is.  What  direction  is  that  which  is  chosen 
by  the  respective  forces  for  the  manifestation  of  their  greatest  energy  ?  To  this 
question  the  author  imagines  that  the  following  reply  is  returned  by  experiraeut :  "  If 
the  arrangement  of  the  component  particles  of  auy  body  be  such  as  to  present  differ- 
ent degrees  of  proximity  in  difierent  directions,  then  the  line  of  closest  proximity, 
othep  circumstances  being  equal,  will  be  that  of  strongest  attraction  in  magnetic 
bodies,  and  of  strongest  repulsion  in  diamagnetic  bodies/' 

The  torsion  balance  furnishes  us  with  the  means  of  submitting  this  conclusion  to 
a  direct  test.  A  quantity  of  bismuth  was  ground  to  dust  in  an  agate  mortar,  gum- 
water  was  added,  and  the  mass  was  kneaded  into  a  stiff  paste.  This  was  placed  be- 
tween two  glasses  and  pressed  together.  From  the  mass,  when  dried,  two  cubes 
-were  taken,  the  line  of  compression  being  perpendicular  to  two  of  the  faces  of  each 
cube,  and  parallel  to  the  other  four.  Suspended  by  a  silk  fibre  in  the  magnetic  field, 
upon  closing  the  circuit  the  line  of  compression  turned  strongly  into  the  equatorial 
position,  exactly  as  the  plane  of  most  eminent  cleavage  in  the  case  of  the  crystal. 
The  cubes  were  placed  one  upon  each  end  of  the  torsion  balance,  first,  with  the  line 
of  compression  parallel  to  the  axis  of  the  cores,  and  secondly,  perpendicular  thereto ; 
the  repulsion  in  the  former  case  was  to  the  repulsion  in  the  latter  in  the  ratio  of  • 
53  to  30.  A  greater  differential  action  was  thus  exhibited  in  the  case  of  the  model 
than  in  the  case  of  the  crystal. 

A  pair  of  cubes  constructed  in  the  same  manner  from  powdered  carbonate  of  iron 
exhibited  an  analogous  predominance  of  attractum  in  the  line  of  compression. 

Against  this  mode  of  experiment  an  objection  was  urged,  during  the  meeting  of  the 
British  Association  at  Edinburgh  last  year,  by  Prof.  W.  Thomson  of  Glasgow. 
"  You  have,"  he  said,  "  reduced  the  mass  to  powder,  but  you  have  not  thereby  de- 
stroyed the  crystalline  form ;  your  powder  is  a  collection  of  smaller  crystab,  and 
the  pressing  of  the  mass  together  gives  rise  to  a  predominance  of  axes  in  a  certain 
direction,  so  that  the  repulsion  and  attraction  of  the  line  of  compression,  which  you 
refer  to  closeness  of  aggregation,  is  after  all  a  product  of  crystalline  action.  Besides, 
we  know  that  compressed  isinglass  exhibits  the  same  optical  phaenomena  as  crystals, 
and  you  are  unable  to  prove  that  the  action  is  not  due  to  a  quasi-crystalline  struc- 
tare  induced  in  the  gum  by  compression." 

The  following  experiment  will  set  this  point  at  rest.  It  will  not  only  show  the 
influence  of  compression  apart  from  the  mere  arrangement  of  the  axes  or  from  the 
influence  of  the  gum,  for  none  will  be  used ;  but  it  will  also  demonstrate  the  nullity 
of  this  presumed  axial  force  when  opposed  to  the  influence  of  compression.  To  this 
experiment  the  author  was  conducted  by  the  following  accident. 

The  investigation  was  conducted  in  Berlin,  and  the  great  electro-magnet  of  the 
university  was  beside  him  at  the  time.  Some  notion  of  the  power  of  this  magnet 
may  be  gieithered  from  the  fact^  that  the  copper  helices  alone  surrounding  the  iron 
pillars,  which  composed  the  magnet,  weighed  243  pounds.  On  the  top  of  &e  pillars, 
two  moveable  masses  of  soft  iron  were  placed,  each  weighing  about  25  pounds,  and 
between  these  the  substance  to  be  examined  was  suspended.  A  fine  cube  of  bismuth 
crystal  was  suspended  on  one  occasion  between  these  moveable  poles,  and  on  closing 
the  circuit  the  plcmes  of  most  eminent  cleavage  receded  to  the  equator.  Scarcely, 
however,  was  this  attained  when  the  poles  were  observed  moving  towards  each  other, 
and,  before  the  Circuit  could  be  broken,  they  had  rushed  together  and  clenched  their 
iron  jaws  upon  the  crystal.  The  latter  was  reduced  by  the  pressure  to  about  three- 
fonrtiis  of  its  primitive  thickness,  and  immediately  suggested  the  thought,  that  if  the 
theory  of  proximity  were  true  it  ought  to  tell  here.  The  pressure  brought  the  par- 
ticles'of  the  crystal  in  the  line  of  compression  more  closely  together,  and  hence  a 
modification,  if  not  an  entire  reyersion,  of  the  former  action  might  be  anticipated. 
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Having  liberated  the  crystal  it  was  boiled  in  hydrochloric  add,  so  as  to  remove  any 
imparity  it  might  have  contracted  by  contact  with  the  iron.  It  was  again  suspended 
between  the  poles  and  completely  verified  the  foregoing  anticipation.  The  line  of 
compression,  that  is,  the  magnecrystallic  axis  of  the  crystal,  which  formerly  set  fixxn 
pole  to  pole,  set  now  equatorial.  The  experiment  was  then  repeated  with  a  oommon 
vice ;  various  pieces  of  bismuth,  protected  by  plates  of  copper,  were  placed  within  its 
jaws,  and  pressed  to  the  thickness  of  a  shilling.  The  plates  thos  obtained,  when 
suspended  from  their  edges  in  the  magnetic  field,  exhibited  one  unvarying  result: 
the  line  of  compression  stood  always  equatorial,  and  it  was  a  matter  of  perfect  in« 
difference  whether  this  line  wa^  the  magnecrystallic  axis  or  not.  In  these  cases  no 
gum  was  used,  and  not  only  was  a  *  predominance '  of  axes  present,  bnt  thtj  all 
worked  together ;  they  were  further  assisted  by  the  great  mechanical  adynntage 
offered  by  such  plates  to  diamagnetic  repulsion ;  the  line  of  compression,  neverthe- 
less, triumphed  over  ail  and  determined  the  position  of  the  crystal. 

The  author  concludes  his  paper  as  follows  : — 

"Whoever  denies  the  influence  of  proximity  will  have  to  answer  the  following 
questions : — How  is  it  possible  that  a  greater  differential  action  can  be  exhibited  by 
a  cube  of  bismuth  dough  than  by  the  crystal  itself?  What  is  it  which  causes  the 
magnecrystallic  axis  to  forsake  its  usual  position,  and  to  set  equatorial  when  the 
crystal  is  compressed  in  the  direction  of  that  axis  ?  He  must  further  assome  a  cry* 
stalline  structure  on  the  part  of  wax,  flour,  shale,  and  the  pith  of  fresh  rolls  s  for  ia 
all  these  substances  the  line  of  compression  determines  the  position  of  the  mass  in 
the  magnetic  field."  __ 

Dr.  Tyndall  introduced  an  experiment  in  thermo-electricity  with  the  monothennb 
pile  recently  invented  by  Prof.  Magnus  of  Berlin.  It  is  well  known  if  two  small 
bars,  one  of  bismuth  and  the  other  of  antimony,  be  united  at  their  ends,  the  other 
ends  being  connected  by  a  wire,  that  on  heating  the  place  of  contact  of  the  bnrs  an 
electric  current  is  evoked,  which  passes  from  antimony  through  the  connecting  wire 
to  bismuth,  and  from  bismuth  across  the  place  of  contact  to  antimony.  These  two 
metals  are  mentioned  because  the  phsenomenon  is  exhibited  by  them  with  peculiar 
energy ;  but  any  two  metals  will  answer  the  purpose ;  and  even  the  same  metal, 
under  certain  circumstances.  Thus  Becquerel  found  that  by  knotting  a  wire,  and 
heating  it  in  the  vicinity  of  the  knot,  a  current  was  developed ;  it  has  even  been 
thought  that  a  difference  of  diameter  was  sufficient  to  produce  the  effect,  while  soase 
have  attributed  it  to  a  difference  in  the  radiative  power  of  the  metals  employed,  fif. 
Magnus  has  been  unable  to  substantiate  these  views.  On  taking  a  wire  three  lines 
thick,  and  reducing  a  portion  of  it  to  the  thickness  of  half  a  line,  when  the  pointof  jono- 
tion  of  thick  and  thin  was  heated,  no  current  was  produced  ;  and  on  taking  a  length 
of  polished  wire,  and  roughening  one  half  of  it  with  a  file  or  with  coarse  sand^paper, 
when  the  point  of  junction  of  rough  and  smooth  was  heated,  there  was  no  current 
although  the  radiative  powers  of  both  portions  were  very  different.  With  a  knot 
upon  tihe  wire  no  current  was  obtained  up  to  a  temperature  of  212°  Fahrenheit.  It 
was  necessary  to  heat  the  wire  to  redness,  and  by  this  means  alter  its  molecular 
structure  before  a  current  could  be  obtained.  The  principle  of  the  monothermic  pOe 
depends  on  this  molecular  change  brought  about  by  heatings  A  length  of  hard  fanss 
wire  was  taken  and  heated  to  redness  in  alternate  lengths  of  6  inches ;  these  por- 
tions became  permanently  soft,  while  the  intervening  portions  remained  hard.  The 
wire  was  coiled  round  a  little  wooden  fhime,  and  was  of  the  shape  of  a  rectangle.  One 
of  the  sides  of  this  rectangle  was  composed  entirely  of  soft  wire,  and  the  side  oppo- 
site of  hard  wire,  while  the  centres  of  the  remaining  two  sides  were  the  junctions  of 
hard  and  soft.  When  the  hard  side  of  the  wire  rectangle  was  heated  there  was  no 
current,  and  this  was  also  the  case  when  the  soft  side  was  heated.  But  when  the 
junction  of  hard  and  soft  was  taken  between  the  finger  and  thumb,  the  mere  heat  of 
the  hand  was  suflScient  to  cause  a  deflection  of  50°  by  the  needle  of  a  galvanometer. 
The  investigation  goes  to  prove  that  to  the  production  of  a  thermo-current  the  contact 
of  different  metals  is  virtually  necessary,  and  that  if  the  same  metal  exhibit  the  phe- 
nomenon it  is  because  its  various  parts  are  in  difierent  states  of  molecular  aggregation. 
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Extract  fnm  a  Letter  addrened  to  Profewor  Phillips. 
By  the  Rev.  Ph>fes6or  Walker,  J/.-4^  FM.8. 

"Wadham  College,  Oxford, 
July  2,  1851. 

"  My  dear  Sir, — You  will  probably  have  in  Section  A.  some  remarks  on  the  pen- 
dulum experiment  of  Foucault.  It  may  be  interesting  to  the  Section  to  know  that 
we  have  tried  it  at  Oxford,  in  the  Radcliffe  Library,  and  with  most  satisfactory  re- 
sults. We  have  observed  one  point  in  the  motion  which  may  be  worth  recording, 
and  I  have  not  seen  this  noticed  in  other  experiments ;  and  it  is  this,  that  whenever 
the  plane  of  vibration  approaches  the  magnetic  meridian,  the  apparent  motion  of  the 
plane  is  accelerated,  while  it  is  proportionally  ]:etarded  as  it  approaches  the  line 
vhich  is  at  right  angles  to  the  magnetic  meridian.  We  have  observed  these  effects 
for  more  than  three  weeks.  The  acceleration  in  approaching  the  magnetic  meridian 
is  nearly  one  degree  per  hour.  I  had  hoped  to  have  been  able  to  present  these  results 
in  an  accurate  form,  but  I  have  not  had  time. 

''  Our  pendulum  was  at  first  an  iron  ball  with  a  pointer  underneath,  weighing  nearly 
12  pounds,  and  suspended  by  a  piano  wire ;  the  length  from  point  of  suspension  to 
bottom  is  as  nearly  as  may  be  80  feet  .6  inches.  The  time  of  one  vibration  is  a  little 
short  of  five  seconds,  more  accurately  4*96  seconds.  As  some  thought  the  iron  ball 
more  susceptible  of  magnetic  influence,  it  was  about  ten  days  ago  replaced  by  a  lead 
one  of  the  same  weight  with  a  brass  pointer.  The  results,  however  (as  I  did  not 
doubt),  are  just  the  same  as  with  the  iron  one. 

"  I  may  mention  that  the  observed  periodic  time  of  rotation  in  our  experiments  does 

not  differ  more  than  a  few  minutes  from  that  given  by  the  formula 


sine  of  latitude. 
In  one  instance  it  came  within  one  minute  of  theory ^truih, 

"Believe  me,  my  dear  Sir,  very  faithfully  yours, 

"  Robert  Walkbb." 
Note, — ^The  conclusions  in  this  letter  are  drawn  from  first  and  somewhat  inaccu- 
rate observations.  The  Radcliffe  Library  is  a  public  room  and  was  visited  by  num-f 
bers  during  the  progress  of  the  experiments.  It  is  intended,  during  the  quiet  and 
leisure  of  the  long  vacation,  to  repeat  the  observations  with  more  care,  and  to  try  also 
a  copper  ball  and  a  copper  wire.  ^ 

Inquiries  into  some  Physical  Properties  of  the  Solid  and  Liquid  Constituent 
Parts  of  Plants,    By  Professor  £.  Wartmann  (f  Geneva. 

Plants  are  furnished  with  different  membranes,  many  of  which  can  be  obtained 
separately.  Such  are  the  epidermis  of  leaves,  stems,  fruits,  &c.  These  membranes 
seem  to  belong  to  two  classes.  The  first  consists  of  those  which  are  composed  of 
round  cells.  The  second  comprises  the  cuticles  in  which  the  elongated  cells  prevail. 
When  viewed  in  a  polarizing  appanitus  (such  as  that  devised  by  Prof.  Norrenberg), 
the  latter  depolarize  light.  The  action  is  very  striking  with  the  epidermis  of  EueomiB 
punctata,  and  a  plate  of  rock  crystal  with  two  inverted  rotations.  A  similar  action  is 
found  when  a  ray  of  polarized  heat  is  transmitted  through  the  membrane.  If  these 
organs  have  been  steeped  for  a  considerable  time  in  acids  or  water,  they  are  not  de- 
prived of  these  properties. 

The  double. refracting  power  of  those  tissues  is  easily  perceived  by  looking  through 
them  at  a  distant  window.  There  are  two  positions  at  right  angles  in  which  one 
set  only  of  the  cross-bars  is  seen.  The  horizontal  bars  appear  when  the  longer  side 
of  the  cells  is  vertical,  and  rice  versd.  In  intermediate  positions,  two  faintly-coloured 
images  of  each  are  sometimes  visible. 

If  such  a  thin  membrane  is  inter)>osed  between  the  eye  and  the  flame  of  a  candle, 
spectra  of  interference  are  produced  on  both  sides  of  the  flame,  in  a  direction  parallel 
to  tiie  greater  length  of  the  cells.  The  appearance  is  like  that  which  Fraunhofer  has 
discovered  in  the  network. 

Such  a  structure  in  the  outer  coating  of  a  great  many  plants  may,  perhaps,  not 
be  without  some  connexion  with  the  ever-changing  direction  of  the  plane  of  polariza- 
tion of  the  atmospheric  ligpht  and  heat  derived  from  the  sun. 

Hi^  iiqaid  parts  of  vegetables  are  in  electrical  relations  to  each  other>  which  may 
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be  readily  detected  by  clear  platina  wires  connected  with  a  very  aenaible  galv 
meter.  Two  have  been  employed^  one  of  4000  coils,  the  other  of  20^000.  The 
following  results  have  been  arrived  at  by  examination  of  what  happens  in  different 
sections  or  the  same  section  of  the  plant.  Since  my  investigations,  some  of  these 
results  have  been  confirmed  by  M.  Becquerel  in  an  independent  wa^. 

Electric  currents  exist  in  all  parts  of  vegetables,  except  in  those  which  are  formshed 
with  insulating  substances,  or  which  contain  scarcely  any  internal  humidity. 

These  currents  exist  night  and  day,  in  the  sunshine  as  well  as  in  the  shade ;  they 
are  not  destroyed  by  an  exposure  to  the  vapours  of  aether  continued  for  twenty-foor 
hours,  nor  by  the  partial  or  total  separation  of  tlie  portion  examined  from  the  re- 
mainder of  the  plant,  so  long  as  that  portion  is  not  dry. 

In  the  roots,  the  stems,  the  branches,  the  petioles  and  the  peduncles,  a  central 
descending  current  and  a  peripherical  ascending  one  are  to  be  found,  which  may  be 
called  axial  currents. 

On  connecting,  by  means  of  the  galvanometer,  the  layers  of  the  stem  where  the 
liber  and  the  alburnum  touch  (and  where  several  botanists  admit  a  descending  flow 
of  elaborated  sap),  either  with  the  more  central  parts,  such  as  pith  and  perfect  wood, 
or  with  the  younger  bark,  a  lateral  current  appears  from  these  layers  to  the  neigh- 
bouring organs. 

The  strength  of  these  currents,  as  well  as  of  those  which  are  exhibited  in  the  other 
parts  of  the  plant,  depends  on  the  energy  of  vegetation  and  the  abundance  of  sap 
pervading  the  part  under  examination. 

A  current  is  also  found  when  any  portion  of  the  plant  is  placed  in  the  circuit  of 
the  galvanometer,  the  other  extremity  of  the  wire  being  inserted  in  the  soil  at  a  di- 
stance which  may  be  very  considerable  if  the  tract  is  wet.  The  plant  is  neg;ative  in 
relation  to  the  soil. 

All  these  phaenomena  (the  connexion  of  which  with  those  described  by  MM.  Mat- 
teucci  and  Dubois- Key mond  is  obvious)  may  probably  be  explained  by  the  fact,  that 
when  two  portions  of  a  liquid,  acid,  alkaline  or  neutral,  the  concentration  of  which 
is  different,  are  separated  by  a  porous  organic  membrane,  a  current  of  electricity 
proceeds  from  the  denser  to  the  rarer. 

The  electric  state  of  the  soil,  and  perhaps  the  exhalation  which  takes  place  in  the 
organs  furnished  with  stomata,  have  an  influence  upon  the  electricity  of  the  ambient 
atmospheric  strata.  

Description  of  a  Sliding  Rule  for  converting  tJie  observed  Readings  nf  dke 
Horizontal  and  Vertical  Force  Magnetometers  into  Variations  of  Magnetic 
Dip  and  Total  Force.    By  John  Welsh,  Kew  Observatory, 

The  formulae  for  converting  the  observed  changes  of  the  two  components  of  mag- 
netic force  into  their  resultants,  dip  and  total  force,  are 

,     .       i  sin  2  ^  /AY     AX\  „    ,  A  R      ...  AY  .        ,  ^  AX 
^■^^"'^^=0-OQ02909VT-X;  ^^-rT^^"^'  ^  _+c08«(9  3^; 

where  d=magnetic  dip ;  R,  the  total  magnetic  force ;  X,  the  horizontal,  and  Y,  the 
vertical  components  of  force. 

The  formula  for  changes  of  dip  therefore  is  of  the  form 
Angular  change  of  dip=a  V—  6H, 
where  V  and  H  are  the  observed  scale  readings  of  the  vertical  and  horizontal  force 
instruments,  and  a  and  h  certain  factors  depending  upon  the  dip  at  the  place,  and 
the  scale  coefficients  of  the  instruments  employed. 

In  Plate  I,  fig.  2,  let  A  be  a  fixed  scale  representing  the  variation  of  dip  in 
angular  measure;  let  e  be  the  adopted  length  for  one  minute  on  the  dip  scale 
A ;  then  make  a  scale  B  on  one  edge  of  the  sliding  piece,  such  that  one  of  its 

divisions  =  — .     Similarly,  on  the  other  edge  make  a  scale  C,  one  of  whose  divisions 

=-^.    These  scales  must  be  so  placed  that  when  the  slide  is  closed  the  zero  points 

of  all  shall  be  in  a  line.   Draw  also  a  fixed  mark  m,  in  such  a  position,  that  -when  the 
slide  is  closed  it  shall  point  to  the  upper  extremity  of  the  horizontal  force  scale  C. 
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Let  the  numbers  of  the  scale  divisions  increase  in  the  same  direction  in  all  the  scales. 
The  formula  for  changes  of  total  force  is  of  the  form 

Variation  in  parts  of  total  force=cV-f  (fH. 

Let  D  be  a  fixed  scale  representing  the  variations  of  total  force  ;  /  the  length  of 
unit  of  scale  adopted.    Ma!ke  on  the  edge  of  the  second  sliding  piece  a  scale  £,  such 

that  one  division=^.    Make  a  fixed  scale  F  on  the  other  side  of  the  sliding-piece« 

/ 
whose  division  =3-.     Place  the  scales  so  that  when  the  slide  is  closed  the  zero* 
a 

points  shall  be  in  a  line.  Draw  also  an  index  n  on  the  sliding-piece^  corresponding 
to  zero  on  scale  £,  and  let  the  numbers  of  the  scales  increase  in  the  same  direction  as 
before. 

To  use  the  instrument : — 1st.  Move  the  first  slide  until  the  mark  m  is  opposite  to 
the  scale  reading  of  the  horizontal  force  on  C ;  find  on  B  the  scale  reading  of  the 
vertical  force,  and  opposite  to  it  on  A  is  the  number  representing  the  variation  .of 
dip  from  an  assumed  zero.  2nd.  Move  the  second  slide  until  the  lodex  n  points  to 
the  horizontal  force  reading  on  F ;  then  on  D,  opposite  to  the  vertical  force  scale 
reading  on  E,  is  the  variation  of  the  total  force  in  parts  of  the  whole  force. 


Astronomy,  Meteors,  Waves. 


Account  qfthe  Astronomical  Instruments  in  the  Great  Exhibition, 
By  Dr.  Bateman. 


an  Apparatus  for  making  Astronomical  Observations  by 
means  of  Electro'Magnetism.  By  G.  P.  and  R.  F.  Bond,  of  the  Cambridge 
United  States  Observatory. 

The  apparatus  exhibited  to  the  Section  is  the  same  which  has  been  in  use  at  the 
Harvard  Observatory,  Cambridge,  U.S.,  and  is  the  property  of  the  United  States  Coast 
Survey.  It  consists  of  an  electric  break-circuit  clock,  a  galvanic  battery  of  a  single 
Grove's  cup,  and  the  spring  governor,  by  which  uniform  motion  is  given  to  the  paper. 
Two  wires  pass  from  the  clock,  one  direct  to  the  battery,  and  the  other  through  the 
break-circuit  key  used  by  the  observer,  and  through  the  recording  magnet  back  to  the 
battery.  The  length  of  the  wire  is  of  course  immaterial.  When  the  battery  is  in 
connection,  the  circuit  is  broken  by  the  pallet  leaving  the  tooth  of  the  wheel,  and  is 
restored  at  the  instant  of  the  beat  of  the  clock,  which  is  in  fact  the  soimd  produced 
by  the  completion  of  the  contact  restoring  the  circuit,  the  passage  of  the  current 
being  through  the  pallet  and  the.  escapement- wheel  alone.  With  the  exception  of 
the  connecting  wires,  and  the  insulation  of  some  parts,  the  clock  is  like  tho^e  in 
common  use  for  astronomical  purposes. 

Several  forms  have  been  proposed  by  different  persons  for  interrupting,  mecha- 
nically, the  galvanic  circuit  at  intervals  precisely  equal.  In  the  present  instance  the 
dock  is  of  the  form  proposed  by  Mr.  Bond.  Prof.  Wheatstone,  Prof.  Mitchell,  Dr. 
Locke,  Mr.  Saxton  and  others,  have  contrived  different  modes  of  effecting  this  object ; 
the  former  several  vears  since,  but  for  a  purpose  distinct  from  the  present. 

The  cylinder  mates  a  single  rotation  in  a  minute ;  the  second  marks,  and  the  ob- 
servations  succeed  each  other  in  a  continuous  spiral.  When  a  sheet  is  filled,  and  it 
is  taken  from  the  cylinder,  the  second  marks,  and  observations  appear  in  parallel 
columns,  as  in  a  table  of  double  entry,  the  minutes  and  seconds  being  the  two  argu- 
ments at  the  head  and  side  of  the  sheet. 

The  observer  wiUi  the  break-circuit  key  in  his  hand  or  at  his  side,  at  the  instant 
of  the  transit  of  a  star  over  the  wire  of  a  telescope,  touches  the  key  with  his  finger. 
The  record  is  made  at  the  same  instant  on  the  paper,  which  may  be  at  any  distance, 
many  hundred  miles,  if  required,  from  the  observer.  It  is  a  well-established  fact, 
that  not  only  may  observations  be  increased  in  number  by  this  process,  but  that  the 
liaiita  of  enror  of  each  individual  result  are  also  narrowed.    As  far  as  comparisons 
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have  yet  been  made>  the  permmal  equation  between  different  obeerven,  if  not  eotirdy 

iDsensible,  is  at  least  confined  to  a  few  hundredths  of  a  second. 

It  is  through  the  facilities  and  means  furnished  by  the  Coast  Surrey  Department 
of  the  United  States,  under  the  superintendence  of  Dr.  A.  D.  Bache,  that  individnals 
there  have  been  enabled  to  bring  to  its  present  stage  the  application  of  electro-mag- 
netism to  the  purposes  of  geodesy  and  of  astronomy ;  it  having  been  at  the  expense 
of  that  department,  and  frequently  by  its  officers,  that  nearly  all  the  experimenti 
have  been  conducted. 

Daguerreotypes  of  the  moon  were  shown  to  the  Members  of  the  Section,  taken  by 
Messrs.  Whipple  and  Jones  of  Boston,  from  the  image  formed  in  the  focus  of  the 
great  Equatorial  of  the  Cambridge  United  States  Obeervatory. 


On  a  Method  of  Sounding  in  Deep  Seas.    By  J.  P.  Joulb,  JPJLS* 

The  impossibility  of  sounding  the  depth  of  the  ocean  by  the  ordinary  plnmb-lme 
has  been  remarked  for  nearly  three  centuries,  and  during  that  time  numerous  inven- 
tions have  been  made  in  order  to  measure  great  depths  at  sea.  The  instrament 
which  appeared  most  feasible  consisted  of  two  bodies,  which  in  connexion  with  cms 
another,  sank  to  the  bottom,  where,  becoming  detached,  the  body  of  lighter  specific 
gravity  rose  to  the  surface.  The  time  occupied  indicated  the  depth  of  the  water, 
which  was  otherwise  ascertained  by  vanes  propelled  by  the  water  during  the  motioB 
of  the  sounding  apparatus  through  it. 

In  the&e  instruments,  the  body  which  was  intended  to  float  to  the  surface  was 
generally  of  wood.  But,  beyond  a  very  limited  depth,  an  instrument  composed  of 
such  a  material  would  fail  to  give  any  result ;  for  Scoresby  has  shown  thiat  when 
wood  is  sunk  in  a  deep  sea,  it  becomes  so  saturated  with  water  as  to  become  of 
g];eater  specific  gravity  than  that  fluid.  To  overcome  this  difficulty,  the  wood  has 
been  covered  with  pitch,  &c.;  but  it  may  be  doubted  whether  such  a  coating  would 
prevent  the  penetration  of  water  under  great  pressure.  I  find,  moreover,  that  light 
wood,  cork,  &c.,  when  subjected  to  a  pressure  of  some  tons  on  the  square  inch,  are 
crushed  so  as  to  become  specifically  heavier  than  water ;  and  that  they  remain  so  even 
after  the  pressure  has  been  removed.  A  wooden  float  would  ther^ore  be  crushed, 
even  if  the  coating  of  pitch  were  sufficient  to  keep  out  the  water  from  its  pores. 

A  method  of  overcoming  this  difficulty  has  been  recently  devised  by  M.  Faye,  in 
which  he  substitutes  a  vessel  of  sheet-steel  filled  with  oil,  or  other  light  inelastie 
fluid,  for  the  wooden  float.  M.  Faye  recommends  the  use  of  a  cyliniter  of  sheet, 
steel  1  metre  high,  and  2  decimetres  in  diameter,  which,  filled  with  potato  oil* 
would  have  a  specific  gravity  of  0*88  in  comparison  with  sea- water,  and  a  force  of 
ascension  equal  to  15  kilogrammes.  For  further  details  of  his  ai^iaratus,  see  the 
'  Comptes  Rendus,'  January  20. 

I  believe  it  to  be  impossible  to  improve  upon  the  general  principle  adopted  by  M. 
Faye,  but  it  has  occurred  tome  thata great  improvement  in  the  detail  would  be  eflfected 
by  substituting  for  the  metallic  vessel  in  his  apparatus,  one  of  gutta  percha,  whidi 
if  filled  with  idcohol  or  a  light  oil,  need  not  exceed  the  gravity  of  0'8,  that  of  sea- 
water  being  called  unity.  In  this  case  the  ascending  force  would  be  nearly  double 
that  of  M.  Faye's  instrument.  As  a  further  means  of  increasing  the  velocity  of 
ascension,  the  gutta  percha  vessel  should  be  constructed  on  Mr.  Russell's  wave  prin« 
ciple.  If  the  float  were  10  feet  long,  and  1  foot  in  its  greatest  diameter,  and  for- 
nished  with  a  proper  weight,  a  depth  of  7  miles  might  be  sounded  in  less  than  one 
hour.  ^__ 

Dr.  Faraday  submitted,  on  the  part  of  Dr.  Roxburgh,  a  specimen  of  dariL  glass  to 
the  examination  of  the  Section  under  the  following  circumstances : — 

It  had  been  employed  to  darken  the  image  of  the  sun  outside  the  eye»piece  of  a 
telescope  of  3  inches  aperture  and  47  inches  focal  length ;  the  magnifying  power  of 
the  eye-piece  was  100,  and  the  dark  glass  was  placed  at  the  distance  of  about  one* 
eighdi  of  an  inch  from  it.  No  other  eye- piece  produced  the  same  effect.  In  about 
two  minutes  alter  the  telescope  had  been  directed  to  the  sun,  and  the  focus  adjusted, 
the  greater  part  of  the  field  of  view  became  dim,  as  if  the  glass  had  been  breathed 
on,  and  the  definition  became  suddenly  destroyed.    When  the  glass  was  ^«^m>i^H 
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under  high  magnifying  power^  a  minute  portion  on  the  surface  next  the  telescope 
was  found  to  have  been  completely  melted,  a  small  pimple  surrounded  by  a  hollow 
having  been  formed.  Six  or  seven  dark  glasses  have  been  destroyed  in  the  same 
way ;  not  one  has  been  broken,  all  having  had  the  small  portion  of  the  surface  melted. 
Latterly  this  accident  has  been  prevent^  from  recurring  by  placing  the  dark  glass 
closer  to  the  telescope.  __«. 

On  M.  Guyot's  Ba^)eriment    By  the  Rev.  Professor  Powbll,  F.B.S.  S^c. 

The  recent  experiment  of  M.  Foucault,  giving  direct  proof  of  the  earth's  rotation, 
having  excited  so  much  atten#on,  it  seems  remarkable  that  an  equally  striking  one 
devised  and  tried  by  M.  J.  Guyot  in  1836,  should  have  been  passed  over  or  forgotten. 
-  That  gentleman  conceived,  that  as  a  falling  body  deviates  to  the  east,  a  long  plumb- 
line  ought  to  do  the  same.  This  experiment  he  performed  in  the  dome  of  the  Pan- 
theon at  Paris,  with  a  plumb-line  ab<)ut  172  feet  long,  and  determined  the  deviation 
to  be  4l  millims.  in  57  metres.  His  mode  of  experimenting  was  by  small  balls,  one  at 
the  point  of  suspension,  the  other  at  the  weight,  whose  images,  strongly  illuminated 
and  reflected  in  a  basin  of  mercury  placed  below,  were  viewed  from  above  and  found 
to  coincide,  when  the  eye  was  laterally  distant  41  millims.  from  the  upper  ball.  The 
experiment  might  probably  be  simplified  without  the  trouble  of  illumination,  by 
making  the  snspension  from  a  pin  passed  across  a  small  circular  aperture  in  a  flat 
roof,  the  light  coming  through,  which  would  probably  give  a  sufficiently  light  image 
in  the  mercury  below.  The  effect  is  also  stated  to  be  sufficiently  perceptible  with 
much  less  length.  But  much  doubt  has  been  expressed  with  respect  to  the  principle. 
It  seems,  therefore,  desirable  that  attention  should  be  drawn  to  the  question. 


Cammunieaiian  reqtecting  the  Comet  of  Short  Period  discovered  by  Brorsen, 
F&bruary  26,  1846,  an^  its  reappearance  in  1851.    By  Dr.  Von  Galbn. 

Of  the  different  heavenly  bodies  which  made  their  appearance  in  the  year  1846, 
the  comet  discovered  by  Brorsen,  February  26,  merits  our  special  attention,  on  ac- 
count of  its  short  period  of  revolution  round  the  sun. 

From  fifty-five  of  the  best  observations  made  on  this  comet,  in  which  are  included 
the  two  observations  made  at  the  Greenwich  observatory,  I  have  determined  the 
following  fundamental  positions. 


Mean  time,  Greenwich. 
1846. 

Comet's  right  Ascen- 
sion. 

Comet's  DecUnation. 

Feb.  33-924600 
„    44*029902 
„    50*990194 
„    57*495320 
„    80*976101 

12  54  36*40 

8  26  43*33 

1  44  4714 

351  12  52*81 

260    5  27*57 

N.  2%  S3    1*05 
43  30  48*14 
54  28  51-06 
63  25  33*63 
71 .  2  2900 

andence  by  the  method  of  least  squares  found  the  most  probable  elements*  to  be : 
Perihelion  passage,  1846,  Feb.  25*423919>  mean  time  Greenwich. 

Longitude  of  the  perihelion,  tr  ......  116  28  37*71?  Mean  deg. 

„          „       ascending  node,  ^  . .  102  34  12*92)    Feb.  26. 

Inclination  of  orbit,  ft    31     1  1*86 

Angle  of  excentricity,  <^ 52  46  1 3*57 

Mean  daily  sidereal  motion,  ft 0    0  623*0164 

Log.  semiaxis  majoris.  Log.  a    0    0  0*5036714 

Motion Direct. 

Taking  departure  from  these  elements,  I  ascertained  the  perturbations  produced  by 
the  principal  planets  of  the  solar  system  on  the  comet,  and  with  regard  to  these 
perturbations,  got  the  foliowbg  system  of  elliptical  elements  for  its  next  appearance : 
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Perihelion  passage,  1851,  Nov.  10-3377,  mean  ttme^Greenwich. 

Longitude  of  the  perihelion  116  34  2'6l 

,,           „       ascending  node 102  35  46*10 

Inclination  of  orbit 30  58  35*86 

Angle  of  excentricity   52  44  26*57 

Mean  daily  sidereal  motion 0    0  621*7965 

Log.  semiax.  maj 0    0  0*5042389 

Motion Direct. 

By  these  elements  I  have  calculated  a  daily  ephem^s,  beginning  at  the  7th  Sept. 
1851,  and  ending  January  12, 1852,  from  which  ephemeris  the  following  is  an  extract. 


Date. 

Meantime, 

(rreenwich. 

Comet** 
meridiaii 

Gieenvieh. 

Ck)met'i  Geocen- 
tric Rii^ht  Aseen- 

Comet's  Geocen- 
tric Declination. 

Log.  diat.  of  Comet 
from 

Comet*! 
Intenatj 
of  Light. 

o 

6 

1851. 
Sept.  10 

9^0  25  27 

S.  20    5    3 

0*0933 

9*9601 

0-782 

h    m 
18  47 

15 

97     0  11 

19  45    5 

00705 

9*9360 

0-970 

18  54 

20 

104    5     6 

19    8  11 

0*0456 

9-9139 

1-200 

19    3 

25 

111  39  39 

18  10  37 

00213 

9-8946 

1-473 

19  14 

30 

119  41  11 

16  48  50 

9-9948 

9-8792 

1-787 

19  26 

Oct      5 

128     5  41 

15     1  45 

9-9672 

9-8686 

2130 

19  40 

10 

136  46  57 

12  51  14 

9-9390 

9-8639 

2-479 

19  5S 

15 

145  37  28 

10  22  20 

9*9106 

9*8660 

2-799 

20  11 

20 

154  29  24 

7  44  21 

9-8830 

9*8750 

3*047 

20  27 

25 

163  15  45 

5     8  38 

9-8576 

9*8910 

3-183 

20  42 

30 

171  49  54 

2  46  30 

9-8364 

9-9129 

3*173 

20  57 

Nov.     5 

181  44     4 

S.  0  28     2 

9-8193 

9*9451 

2-960 

21  13 

10 

189  35  12 

N.  0  54     7 

9-8141 

9-9749 

2-643 

21  24 

15 

197    0  28 

1  45  12 

9-8180 

0-0055 

2-254 

21  34 

20 

203  57  17 

2    8  45 

9*8305 

00357 

1-851 

21  41 

25 

210  24  14 

2  10  28 

9*8499 

0-0646 

1*482 

21  47 

30 

216  21  25 

1  56  51 

9*8741 

00915 

1171 

21  51 

Dec.     5 

221  50    3 

1  33  28 

9*9012 

01164 

0-922 

21  53 

10 

226  52  19 

1     4  56 

9-9294 

0-1390 

0-730 

21  53 

15 

231  30  36 

0  34  27 

9*9578 

0*1596 

0*582 

21  51 

20 

235  47  19 

0    4  28 

9-9856 

0*1780 

0*471 

21  49 

25 

239  44  26 

S.  0  23  33 

00125 

0-1946 

0*385 

21  44 

30 

243  24    0 

0  48  42 

0-0382 

0-2094 

0*320 

21  39 

1852. 

Jan.      5 

247  26  31 

1  14  28 

0-0674 

0*2250 

0*260 

21  31 

10 

250  32  48 

1  31  58 

0-0903 

0*2363 

0-222 

21  24 

The  maximum  of  the  intensity  of  light,  viz.  3*197*  would  be  Oct.  27th.     In  1846 
it  was  as  follows  : — 

Feb.  26 5-213 

March  10  (max.)  6*447 

„      27 5^36 

April  1 4-362 

„    22  (last  observation) 2*  101 


Observations  made  at  the  Observatory  ofHighfidd  Hotise  on  Zodiacal  Light. 
By  E.  J.  Lowe,  F.R.A.S. 

As  a  new  feature  has,  I  believe,  been  discovered  in  the  western  h'ght  daring  the 
series  of  observations  made  here,  a  short  extract  has  been  deemed  of  sufficient  interest 
to  present  to  the  Association.  The  latitude  and  longitude  of  this  place  are,  lat.  69^ 
57^^ 30"  N.,  Long.  1^  10*  W.    The  annexed  records  show,— Ist,  pulsatioiis  of  light 
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of  greater  or  less  brilliancy,  occurring  at  stated  intervals ;  2nd,  an  expanding  and 
contracting  of  the  whole  body  of  light,  not  only  vertically,  but  also  laterally ;  and 
3rd,  a  motion  amongst  the  stars. 

1st.  Pulsations  were  noticed  1850,  March  6d.  7h.  42m.,  of  greater  and  less  bril* 
liancy  in  periods  of  30s. ;  in  these  alternations  it  Invariably  receded  toacertain  dimness, 
and  then  brightened  again  to  a  fixed  extent.  The  pulsations  were  again  noticed  on 
March  7th,  9th,  10th,  11th;  1851,  January  27th,  March  20th  (when  they  were  very 
marked),  and  22nd.  These  pulsations  were  again  30s.,  alternating  from  change  to 
change,  as  they  were  last  year. 

2nd.  The  vertical  expansion  and  contraction  of  the  body  of  light  on  1850,  March 
6d.  at7h.42m.,  were4°30'.  The  longitude  of  apex,  when  most  brilliant,  was  0  21°  30', 
receding  to  longitude  of  apex  0  17°  when  least  bright.  InlS51,  March  20d.  8h.,  this 
expansion  and  contraction  were  3° ;  the  max.  long,  of  apex  being  51°,  min.  long,  of 
apex  48°,  the  mean  long,  of  apex  being  49°  30'. 

At  three  different  periods  the  lateral  body  of  light  also  widened,  and  this  occurred 
each  time  when  at  its  maximum  degree  of  brilliancy.  This  was  first  noticed  at 
7h.  55m.,  when  the  north  edge  extended  to  /3  Arietis,  again  at  7h.  59m.,  when  it 
extended  midway  between  jS  and  a  Arietis,  and  thirdly  at  8h.  3m.,  when  it 
covered  a  Arietis.  It  remained  in  this  widened  state  from  Is.  to  3s.,  returning  each 
time  to  its  mean  place  between  jSund  y  Arietis;  once  when  very  dim  the  north  edge 
was  thought  to  have  receded  to  y  Arietis  (viz.  at  7h.  50m.).  The  southern  edge  un- 
fortanately  had  not  such  good  guide  stars  for  measuring,  so  that  I  cannot  speak 
positively  as  to  whether  it  receded  when  the  north  edge  advanced,  yet  the  impression 
made  at  the  time  was  that  it  did  not,  and  at  7h.  59m.  appeared  to  widen  with  the 
north  edge. 

3rd.  Its  path  amongst  the  stars. 

1850.  February  13d.  7h.  30m.,  Saturn  was  2°  within  its  S.  edge.  Its  apex  had  an 
altitude  equal  to  that  of  the  Pleiades. 

1850.  Marchr6d.  7^*  42m.  S.  edge  confused,  appeared  to  pass  through  £  Ceti; 
a  Ceti  was  2°  within  the  edge.  The  N.  edge,  tolerably  bold,  passed  through  ^ 
Piscium,  midway  between  y  and  P  Arietis,  and  1°  S.  of  $  Arietis. 

1850.  March  7d.  8h.  Om.     N.  eJge  extended  to  /9  Arietis. 

1850.  March  lOd.  7h.  50m.    N.  edge  extended  to  »  Arietis. 

1850.  March  lid.  7h.  59m.  N.  edge  half-way  between  a  and  /3  Arietis.  S.edge 
just  N.  offi  Ceti.     i  Ceti  about  2°  within  the  edge. 

1850.  March  12d.  8h.  Om.  N.  edge  between  u  and  ^3  Arietis,  slightly  nearer  fi 
than  ct. 

1850.  March  13d.  8h.  Om.    N.  edge  between  «  and  /3  Arietis,  yet  still  nearer  /9. 

1851.  January  27d.  7h.  Om.    N.  edge  passed  near  »  Pegasi. 

1851.  March  20d.  8h.  Om.  N.  edge  passed  midway  between  fi  and  y  Arietis,  the 
S.  edge  cut  f*  Ceti. 

The  following  are  the  approximate  positions  of  the  northern  edge  at  a  mean  alti- 
tude equal  to  ct,  fi,  and  y  Arietis : — 

Epoch.  M,  N.  dec). 

1850.  March    6d 1°  46V  ....    18°  40'.    Motion  direct. 

—  —         7d 1  46i  ....   20        5 

—  —       lOd 1  59  ....    22  45J 

—  —       lid 1  52i  ....  21  25i.    Motion  retrograde, 

—  —       12d 1  51  ....   21  10 

—  —       13d 1  49  ....   20  50 

1851.  March20d 1  46*  ....    18  40 

Extra  Remarks, 

Epoch  1860.  February  13d.  7h.  30m.  Exceedingly  brilliant,  being  brighter  than 
the  galaxy  about  the  Swan.     Saturn  was  thought  to  be  dimmed  by  it. 

Epoch  1850.  March  66,  7h.  42m.  Extent  of  base  on  horizon  36°;  its  S.  edge  cut 
the  horizon  13°S.  of  W.,  and  its  N.  edge  23°N.of  W.;  axis  slightly  N.  of  Pleiades,  and 
horizon  5°  N.  of  W.  The  S.  edge  somewhat  confused.  The  alternations  in  bright- 
ness were  first  noticed  by  several  small  stars  being  alternately  visible  and  invisible; 
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it  was  not  changeable  like  aurora  borealis^  for  it  invariably  receded  to  a 
dim  Dees,  and  then  brightened  np  to  a  certain  extent. 

Epoch  1850.  March  7d.  8h.  Om.     Not  so  brilliant. 

Epoch  1850.  March  8d.  7h.  15m.     Pale  and  confused. 

Epoch  1850.  March  9d.  7h.  55ni.    Brilliant  for  a  few  minutes. 

Epoch  1850.  March  lOd.  7h.  50m.    Brighter  than  last  night. 

Epoch  1850.  March  lid.  7h.  59m.     Fainter. 

Epoch  1850,  March  ]2d.  8h.  Om.     Fainter. 

Epoch  1850.  March  13d.  8h.  Om.     Yet  fainter. 

Epoch  1851.  January  22d.  6h.  30m.    Apparent,  but  contused. 

Epoch  1851 .  January  23d.  7h.  Om.    Tolerably  brilliant  by  fits. 

Epoch  1851.  January  27d.  7h.  Om.     Brilliant  by  fits. 

Epoch  1851.  March  20d.  8h.  Om.      Edges  well-defined.      Extent  of  base 
horizon  23"^  30'.    The  S.  edge  cut  horizon  l""  30'  S.  of  W. ;  the  N.  edge  22^  N. 
W. ;  axis  15'  N.  of  Pleiades,  and  horizon  10°  16'  N.  of  W. 

Epoch  1851.  March  22d.  8h.  Om.     Pale  and  confused. 

The  evenings  in  February  and  March  were  much  clouded  in  1851. 


On  Air-bubbles  formed  in  Water.    By  John  Ttndall»  PkD. 

The  object  of  the  paper  is  to  account  for  the  bubbles  formed  when  water  is  poured 
into  water.  Venturi  imagined  that  they  were  due  to  the  air  which  adheres  to  the 
descending  fluid.  Magnus,  on  the  contrary,  conjectured  that  they  were  owing  to 
the  formation  of  a  cavity  at  the  point  where  the  descending  water  meets  the  fluid 
underneath,  the  cavity  being  closed  up,  and  the  bubble  formed  when  a  motion  ia 
imparted  to  the  surface.  This  latter  conjecture  the  author  proves  to  be  correct,  and 
shovrs  further  the  relation  which  subsists  between  the  production  of  the  bubbles  and 
the  structure  of  the  descending  mass. 

A  vein  issuing  at  a  moderate  velocity  from  a  circular  orifice  in  the  bottom  of  a  tin 
vessel  possesses  two  portions  strikingly  distinct.  After  the  fluid  leaves  the  orifice  it 
is  steady  and  limpid  for  some  distance,  and  contracts  gradually  as  it  descends.  The 
contraction  depends  upon  the  accelerated  motion  of  the  particles,  and  its  amount 
depends  upon  the  cohesive  power  of  the  fluid  experimented  with.  At  a  certain  point 
the  steadiness  of  the  vein  ceases,  and  it  exhibits  a  quivering  motion  like  the  vibratbn 
of  a  harp -string.  If  the  surface  of  the  water  underneath  intersect  the  vein  a6one 
this  point  no  bubbles  are  produced ;  below  this  point  they  invariably  appear.  Hie 
steady  portion  of  the  vein  exhibits  the  exact  deportment  of  a  solid  rod ;  there  is  even 
capillary  attraction  at  the  point  where  it  enters  the  fluid  below ;  and  if  the  oblige 
light  of  a  candle  be  suffered  to  fall  upon  the  eminence  here  formed,  a  moth-like 
figure  with  yellow  wings  is  thrown  upon  the  bottom  of  the  vessel  which  contains 
the  fluid.  Similar  figures  are  caused  by  the  bubbles  which  float  accidentally  upon 
the  surface ;  and  when  the  latter  is  set  in  motion  the  figures  stir  their  wings  as  if 
they  were  alive. 

Although  to  the  naked  eye  the  quivering  portion  of  the  vein  i^pears  continuous, 
it  is  not  so  in  reality,  as  Savart  has  demonstrated.  It  is  resolved  into  single  drops, 
and  it  is  the  quicicness  with  which  they  succeed  each  other  which  gives  the  impression 
of  continuity.  Placing  a  platinum  wire  heated  to  whiteness  between  the  poles  of  a 
small  galvanic  battery  behind  the  vein,  and  using  an  opake  fluid,  the  author  found 
that  when  the  steady  portion  came  between  the  eye  and  wire  the  latter  was  cut  by 
a  dark  stripe ;  but  when  the  quivering  portion  came  into  this  position  the  wire  glowed 
uninterruptedly  from  end  to  end.  It  was  seen  through  the  intervals  between  the 
drops,  and  the  time  of  transit  of  a  drop  was  not  sufficient  to  extinguish  the  im- 
pression. 

The  descent  of  each  drop  causes  the  vrater  to  recede  on  all  sides,  thus  forming  a 
canal  into  which  the  air  enters,  and  where  it  is  entrapped  by  the  descent  of  the  suc- 
ceeding drop,  or  by  the  closing  up  of  the  mouth  of  the  canal.  Exactly  the  same 
takes  place  when  we  let  grains  of  shot  fall  successively  into  the  water,  or  draw  a 
string  of  beads  quickly  through  it.  It  is  the  lateral  component  of  the  drop's  force 
which  originates  the  bubble,  and  even  when  the  jet  is  continuons>  if  it  vibrate,  bnb- 
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bles  will  be  produced.    A  bow-string  will  cause  the  same  when  immersed  in  water 
and  pulled  out  of  its  position  of  equilibrium. 

The  sound  of  agitated  water,  which,  as  a  physical  phenomenon,  appears  to  have 
beeiL  overlooked  hitherto,  is  the  invariable  companion  of  the  bubbles.  When  the 
continuous  portion  of  the  vein  is  cut  by  the  surface  underneath  no  bubbles  are  pro- 
duced, and  no  sound  is  audible ;  but  the  moment  the  one  appears  the  other  is  heard. 
The  sound  is  in  fact  almost  wholly  due  to  the  sudden  liberation  of  the  air  enclosed 
in  the  water ;  the  ripple  of  a  brook  and  the  roar  of  the  ocean  being  alike  referable  to 
this  cause.  

On  <mr  Ignorance  cftke  Tides.    By  the  Rev.  W.  Whewell,  2>J9.,  F.R.S. 

The  leading  features  of  the  general  knowledge  of  the  tides,  at  which  we  arrive  by 
observations,  are  the  succession  of  times  of  high,  water  and  low  water  as  we  proceed 
along  an  extensive  coast,  or  from  one  part  of  a  large  ocean  to  another ;  and  the  re- 
lative amount  of  solar  and  lunar  tides,  as  shown  both  by  the  relative  heights  of  high 
and  low  water,  and  by  the  amount  of  the  semidiurnal  inequality  of  time.  To  this 
may  be  added  this  amount  of  the  diurnal  inequality,  and  its  incidence ;  namely^ 
whether  it  falls  most  on  high  water  or  low  water,  on  heights  or  on  times. 

Such  knowledge  we  possess  with  regard  to  the  coasts  of  Europe,  pretty  completely, 
mainly  owing  to  the  very  geiRral  system  of  simultaneous  observations  made  at  Dr. 
Whewell's  suggestion  in  1826 ;  and  also  with  regard  to  the  Atlantic  coaat  of  the 
United  States,  our  knowledge  in  that  case  being  entirely  supplied  by  the  set  of  ob- 
servations made  on  that  coast  at  the  same  time.  We  possess  also  a  tolerably  com* 
plete  knowledge  of  this  kind  for  the  eastern  coast  of  Australia,  and  for  some  other 
points  of  the  coast,  the  diurnal  inequality  being  here  peculiar.  We  know  also  the 
general  course  of  the  tides  on  the  shores  of  New  Zealand,  which  may  be  expressed 
by  saying  that  the  tide*wave  comes  from  the  east,  and  strikes  the  middle  of  the 
eastern  shore  first. 

And  this  seems  to  be  the  whole  amount  of  the  general  practical  knowledge  which 
we  possess  on  this  subject.  There  appears  to  be  no  other  extensive  coast  on  which 
we  know  the  succession  of  times  of  high  water,  still  less  the  semidiurnal  and  diurnal 
inequality.  On  the  eastern  coast  of  South  America  we  do  not  know  this  with  any  cer- 
tainty, though  we  know  that  the  tides  on  that  coast  have  curious  features  ;  as  for 
instance,  that  at  the  mouth  of  the  Plate  river  the  tides  are  insensible,  and  a  little 
further  to  the  south,  are  some  of  the  greatest  in  the  world.  But  we  do  not  know 
on  what  part  of  the  coast  the  tide- wave  runs  south,  and  on  what  part  north. 

On  the  west  coastof  South  America  we  labour  under  the  like  ignorance.  It  appears 
to  be  made  out  by  the  observations  of  Capt.  FitzRoy  and  others,  that  on  the  southerly 
part  of  this  coast  the  tide- wave  runs  southward,  and  so  round  Cape  Horn  to  the 
eastward,  although  it  might  have  been  expected  that  the  tide,  following  the  moon, 
would  travel  westward.  But  as  we  proceed  northwards  along  the  west  coast  of  Ame- 
rica, it  becomes  more  difficult  to  reconcile  the  separate  observations  which  we  have. 
I  have  supposed  that  from  the  isthmus  of  Panama,  the  tide- wave  diverges  northwards 
and  southwards ;  but  in  some  of  its  results  this  supposition  is  far  from  satisfactory. 
For  the  northern  parts  of  the  N.  Pacific,  we  have  Admiral  Liitke's  observations  at 
the  Aleutian  islands,  &c. ;  but  these,  though  correct  as  far  as  they  go,  only  give  a 
partial  view. 

Returning  to  the  borders  of  our  knowledge,  we  find  that  it  ends  with  the  shores  of 
Europe.  On  the  west  coast  of  Africa,  we  know  nothing,  so  far  as  I  am  aware,  of 
the  progress  of  the  tide-wave ;  whether  it  travels  from  south  to  north,  or  from  north 
to  south ;  or  where  these  directions  diverge  or  converge.  On  the  eastern  coast  of 
Africa,  our  ignorance  is  still  more  complete  ;  and  though  we  have  some  detached  ob- 
servations on  the  coast  of  India,  we  have  nothing  which  gives  us  a  correct  view  of 
the  progress  of  the  tide.  Eastward  of  India  we  have  remarkable  cases  of  the  diurnal 
inequality  (Tonquin,  Sincapore),  noticed  from  the  earliest  to  the  latest  periods  of 
tidal  researches,  but  no  connected  knowledge ;  and  as  we  go  further,  the  tides  of 
the  Indian  Ocean  and  of  the  Pacific  become  so  mingled  that  we  cannot  expect  to  dis- 
entangle them  except  by  laborious  observations. 

As  we  are  thus  ignorant  of  the  progress  of  the  shore  tides  (the  littoral  tides),  so 
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are  we  also  of  the  relation  of  the  central  oceanic  tides  to  these.  Hie  tides  of  tbe 
Bahamas,  the  Azores,  the  Feroe  Tsles,  tbe  Cape  Verde  Isles,  have  not  been  stadied* 
nor  connected  with  each  other,  nor  with  the  littoral  tides.  A  few  notices  of  what  is 
called  "the  establishment,"  tell  us  little,  and  it  may  be,  nothing,  if  we  do  not  know 
the  manner  in  which  these  results  have  been  obtain^.  The  same  is  true  of  tbe 
islands  in  the  central  regions  of  other  wide  oceans. 

It  may  appear  at  first  sight  that  this  representation  of  our  ignorance  is  inconsistent 
with  the  results  formerly  furnished  as  the  amount  of  our  knowledge,  exhibited  in 
maps  of  cotidal  lines.  But  to  this,  I  reply,  that  the  cotidal  lines,  so  far  as  they  are 
drawn  across  wide  oceans,  are  fallacious.  It  appears  to  be  certain  that  the  relation 
of  the  tidal  movements  of  a  large  ocean,  such  as  the  Atlantic,  the  Pacific,  or  the 
Indian  Ocean,  are  not  justly  represented  by  the  notion  of  waves  bounded  by  audi 
lines.  With  regard  to  the  shores,  the  motion  of  the  tides  may  be  rightly  represented 
by  such  lines  ;  but  the  lines  formerly  drawn  on  the  various  shores  above  mentioned, 
merely  as  the  best  first  approximation  which  could  be  made,  are  still  liable  to  great 
doubt  in  almost  every  place,  and  therefore  they  require  revision  and  correctioo,  or 
confirmation.  And  this  is  especially  the  case,  now  that  these  systems  of  cotidal 
lines  are  no  longer  supported  by  the  kmdof  connection  which  their  continuity  throagh 
the  oceanic  spaces  formerly  gave  them.  By  means  of  given  connected  observatioDS 
(the  connexion  in  the  mode  of  making  the  observations  is  the  essential  condition  of 
success),  the  course  of  the  littoral  tide-wave  on  all  thf  extensive  shores  of  the  ocean 
might  be  determined,  and  at  the  islands ;  and  these  results  being  obtained,  the  mo- 
tion of  the  tidal  movements  of  the  ocean  on  the  larger  scale  would  probably  be 
brought  into  view. 

It  may  be  proper  to  point  out  a  little  more  in  detail  the  kind  of  facts  which  wonkl 
have  to  be  noticed.  If  we  suppose  a  tide-wave,  which  is  nearly  straight,  moving 
transversely,  to  strike  a  convex  shore,  there  will  be  some  one  point  which  it  will 
first  touch,  and  it  will  proceed  from  this  point  along  the  shore  both  ways.  This  point 
will  be  a  point  of  divergence ;  the  tide  will  be  later  and  later  both  ways  in  proceeding 
from  this  point.  Such  a  point  is  the  S.W.  point  of  Ireland,  the  Land's  End  ia 
England ;  a  point  on  the  £.  coast  of  Australia,  in  S.  latitude  25^ ;  a  point  on  the  E. 
coast  of  New  Zealand,  in  latitude  37°.  On  the  other  hand,  if  the  tide  come  from 
two  different  quarters,  as  for  instance  if  it  come  round  the  two  ends  of  an  island  to 
the  side  farthest  from  the  tide,  the  two  waves  will  approach  and  meet  at  some  in- 
termediate point  of  the  coast,  and  there  will  be  a  point  qf  convergence;  and  the  tides 
will  be  later  and  later  in  proceeding  towards  this  point.  Such  a  point  there  is  on 
the  coast  of  England,  about  the  mouth  of  the  Thames,  where  the  tide  which  comes 
round  by  the  North  of  Scotland  and  by  the  straits  of  Dover  meet.  Such  a  point 
there  is  on  the  west  coast  of  New  Zealand. 

Now  in  order  to  determine  the  general  course  of  the  tides,  we  ought  to  determine 
these  points  of  divergence  and  of  convergence  on  every  coast,  and  especially  on  every 
extensive  coast.  But  as  yet  I  am  not  aware  that  any  others  are  known  besides  those 
which  I  have  mentioned.  On  the  west  coast  of  America  I  have  placed  a  point  of 
divergence  near  Panama,  as  best  representing  the  succession  of  the  tides  along  the 
coast ;  but  the  form  of  the  wave  is  not  satisfactory.  On  the  east  coast  of  Soath  Ame- 
rica, as  I  have  said,  we  have  very  high  tides  south  of  the  river  Plate,  which  neeaa  as 
if  there  were  a  point  of  convergence  in  that  region ;  but  this  requires  to  be  more 
fully  proved  :  and  the  point  of  divergence  seems  to  be  on  the  coast  of  Brazil,  but  the 
evidence  is  very  confused  and  scanty.  On  the  west  coast  of  Africa,  I  am  not  able 
at  all  to  fix  upon  points  of  divergence  and  convergence ;  and,  in  short,  we  know  little 
or  nothing  of  the  course  of  the  tides  on  that  coast.  Still  more  is  this  the  case  with 
regard  to  the  Indian  Ocean,  although  on  the  shores  of  the  great  islands  which  lie 
there,  there  must  be  many  points  of  divergence  and  convergence. 

And  the  connection  of  the  tides  of  small  islands  in  a  larger  ocean  with  those  of 
the  shore  is  so  obscure  hitherto,  that  I  do  not  now  venture  to  express  it  in  any  definite 
manner  till  we  have  a  better  collection  of  facts.  In  my  paper  on  the  tides  of  the 
Pacific  (Art.  12.),  I  have  suggested  a  mode  in  which  this  connection  may  perhaps 
be  expressed. 
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Meteoroloot. 

Account  of  an  Ajmdratus  for  determining  the  Quantity  of  Hygfometric 

moisture  in  the  Air,    By  Dr.  Andrews. 

The  object  of  the  author  was  to  contrive  an  apparatus  capable  of  giving  directly 
the  amount  of  moisture  in  the  air  by  the  unerring  indications  of  the  balance,  and 
which  might,  at  the  same  time,  be  easily  employed  in  the  physical  cabinet,  or  other 
place  devoted  to  meteorological  observations.  For  this  purpose,  according  to  a 
method  Jong  known  to  chemists,  a  given  volume  of  air  is  drawn  through,  a  weighed 
U-tube  filled  with  some  substance  retentive  of  moisture ;  but  the  author  proposes 
certain  modifications  in  the  apparatus  hitherto  employed  which  are  designed  to 
render  it  applicable  in  the  hands  of  persons  not  familiar  with  chemical  operations, 
or  who  may  not  have  the  convenience  of  a  laboratory  within  reach.  With  this  ob- 
ject in  view,  he  found  it  necessary  to  reject  both  sulphuric  acid  and  chloride  of  calcium 
as  desiccating  agents,  in  consequence  of  their  being  either  too  troublesome  in  the 
preparation,  or  unsafe  in  the  vicinity  of  valuable  instruments ;  but  an  excellent  sub- 
stitute presented  itself  in  calcined  sulphate  of  lime  or  gypsum,  which  he  ascertained 
by  numerous  experiments  to  be  capable  of  removing  every  trace  of  moisture  from 
air  passed  even  in  a  tolerably  rapid  current  through  tubes  containing  it.  The  sul- 
phate of  lime  was  employed  in  small  fragments  prepared  by  moistening  powdered 
alabaster,  as  commonly  used  by  plasterers  aod  moulders,  and  spreading  the  moist- 
ened mass  into  the  form  of  thin  plates,  which  were  afterwards  rendered  perfectly 
anhydrous  by  being  placed  on  an  iron  plate  heated  nearly  to  obscure  redness. 
The  aspirator  consists  of  a  gasometer  whose  bell  is  attached  as  a  counterpoise  to  the 
weight  of  a  Dutch  clock,  sufficiently  heavy  to  work  it,  by  which  simple  contrivance 
a  known  volume  of  air  may  be  drawn  at  a  uniform  rate,  and  in  any  required  time, 
through  the  desiccating  tube.  The  quantity  of  moisture  in  the  air  may,  in  this  way. 
be  determined  to  almost  any  degree  of  accuracy,  either  for  short  periods,  as  half  an 
hour,  or  for  longer  periods,  as  8,  12  or  more  hours,  in  which  latter  case  the  appa- 
ratus becomes  a  sort  of  integrating  hygrometer,  by  which  the  total  amount  of 
moisture  in  the  air  for  a  given  period  is  indicated. 


Sketch  oftJie  Climate  of  Western  India, 
By  Dr.  Buist,  LL.D.^  I'.R.S,  L.  Sf  E.    (Communicated  by  Col.  Sykes.) 

The  author  in  this  paper  abstains  from  numerical  details,  and  states  as  his  reason 
for  doing  so,  that  the  "  profuse  employment  of  instruments  occasions  to  a  con- 
siderable extent  the  more  striking  and  obvious  manifestations  of  the  atmosphere  to 
be  lost  sight  of,  unless  in  so  far  as  these  are  indicated  by  the  barometer  or  thermo- 
meter ;"  "  and  that  picturesque  and  descriptive  meteorology  has  almost  altogether 
been  buried  under  minute  instrumental  details."  He  instances  Dampier  and  Mount- 
stewart  Elphinstone  as  furnishing  information  of  the  kind  he  commends. 

He  first  notes  that  the  European  division  of  the  year  into  four  seasons,  does  not 
hold  good  in  Western  India,  where  the  year  may  be  divided  into  two  seasons  only, 
the  rainy  and  the  fair,  the  latter  being  divisible  however  into  the  cold  and  the  hot*. 
The  monsoon  sets  in  at  Bombay  with  tremendous  violence  from  the  S.E.  in  the 
beginning  of  June ;  but  the  rains  immediately  go  round  to  the  S.W.  and  draw  off 
early  in  September.  The  winds  blow  throughout  the  year  with  the  greatest  regu- 
larity. During  the  fair  season,  from  October  until  May,  there  are  alternating  diurnal 
and  nocturnal  winds,  or  land  and  sea  breezes  as  they  are  called.  The  land  wind 
blows  from  easterly  quarters,  setting  in  ajfter  midnight  and  blowing  until  three  or 
four  hours  after  sunrise,  when  a  dead  calm  ensues.  The  sea  breezes  then  blow  from 
westerly  quarters.  About  the  beginning  of  May  the  air  becomes  damp  aud  muggy ; 
the  land  and  sea  breezes  become  irregular,  and  a  calm  prevails  over  a  great  part  of 
the  night,  with  the  thermometer  from  80^  to  85^  and  the  air  being  surcharged  with 
moisture,  people  are  debarred  from  sound  sleep.    About  the  middle  of  the  month 

*  Note  hy  Col  Sykes. — The  Mahrattas  divide  the  year  into  three  natural  seasons — the 
P&wsalla  (rainy),  Hewalla  (cold)  aud  Oonalla  (hot). 
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loDg  banks  of  electric  clouds  make  their  appearance  over  the  mountains  in  the  East 
[the  Deccan  Ghauts].    Towards  the  end  of  the  month  sheet-lightning  appears  from 
these  clduds,  then  brilliant  lightning,  and  in  time  the  monsoon  opens  from  them. 
These  masses  are  frequently  magnificent  at  sunset,  but  they  seldom  appear  before 
mid-day,  and  are  rarely  visible  very  long  after  sunset.     In  February  and  March  the 
ground  is  so  parched  that  the  powers  of  vegetation  appear  exhausted ;  and  though  a 
small  portion  only  of  the  trees  and  shrubs  are  deciduous,  they  all  look  so  Bhrivelie^* 
brown  and  stumpy,  that  it  is  difficult  to  believe  they  will  vivify  again.    About  the 
middle  of  April,  however,  there  is  all  at  once  a  magical  burst  of  verdure  and  vitality 
amongst  ligneous  plants,  as  if  some  new  stimulant  had  been  suddenly  given,  and  the 
forest  trees  are  radiant  with  flowei^,  the  foot  or  more  long  pendent  bunches  of  the 
yellow  flowers  of  the  Cassia  fistula^  and  the  bright  red  flowers  of  the  E/rytkrima 
ftdgens  being  most  conspicuous.    The  delicious  mango  ripens  towards  the  end  of 
the  hot  weather,  and  its  turpentine  is  useful  in  the  cutaneous  diseases,  boils  and 
entozoa,  which  then  prevail.    The  authorthen  speaks  of  the  changing  seasons  upon 
the  habits  of  birds, — very  graphically  describes  the  storms  of  thunder  and  lightning 
precursors  to  the  setting-in  of  the  monsoon,  and  the  setting-in  of  the  monsoon  itself; 
with  its  consequences  of  deluges  of  rain  and  green  sward ;  the  light  of  a  cloudy  Eogltsh 
day  instead  of  intolerable  glare,  and  a  fall  of  10^  or  12°  in  the  temperature ;  cloth  and 
woollens  being  substituted  for  cotton  and  muslin  fabrics.    He  notices  the  almost  mira- 
culous appearance  of  the  multitudinous  gigantic  yellow  frogs,  before  unseen ;  notioes 
that  boots,  shoes  and  other  articles  of  leather  are  covered  with  mildew  in  the  coarse 
of  twenty-four  hours  in  the  houses,  ajid  that  paper  and  clothes  are  damp  and  clammy. 
Thousands  of  small  fish,  after  the  first  rain-fall,  are  found  in  puddles,  whether  oo 
the  plains  or  on  the  hill  tops,  and  they  appear  and  disappear  with  the  rains,  never 
exceeding  the  length  of  the  fore-finger.    The  rank  growth  and  decay  of  vegetation 
evolves  immense  quantities  of  carbonaceous  gases,  which  impregnating  the  water, 
dissolve  the  shells  and  calcareous  matter  everywhere  about ;  and  as  the  rains  draw  off 
and  the  water  evaporates,  lime  is  thrown  down,  cementing  together  gravel  and 
other  matters  into  a  kind  of  concrete  building-stone.     A  rain-table  for  thirty  years 
is  then  given,  showing  that  the  annual  fall  has  varied  from  122  inches  to  34  inches, 
the  annual  average  being  76  inches ;  but  this  is  for  the  monsoon  only,  as  an  account 
of  the  fail  of  rain  between  November  and  June  has  never  been  kept.    The  natives 
consider  the  force  of  the  rains  to  be  over  by  the  first  full  moon  in  August,  and  a 
festival  is  kept  in  consequence,  and  half-deck  vessels  then  venture  to  sea.    Hie 
breaking  up  of  the  monsoon  is  in  October,  when  the  sun  is  in  the  oonstellatioB 
**  Hust,"  or  the  Elephant ;  but  as  the  terminal  storms  come  to  Bombay  from  over 
the  Island  of  Elephanta,  Europeans  call  them  the  Elephanta.    About  3  p.m.  vast 
masses  of  clouds  appear  piled  upon  each  other,  vivid  lightning  follows,  then  a 
deluge  of  rain,  and  at  last  the  sky  is  left  destitute  of  a  cloud.    This  occurs  for 
three  or  four  times,  and  then  the  cold  and  afterwards  the  hot  seasons  set  in,  and 
rain  is  sometimes  not  seen  for  months.    During  the  squalls  of  March  and  April 
the  barometer  usually  falls  or  becomes  irregular,  and  during  July  it  sinks  very 
low ;  but  the  bursts  in  the  beginning  of  June  and  October  which  herald  in  and  close 
the  monsoon,  seem  purely  electrical,  neither  the  pressure  nor  the  humidity  of  the 
air  being  materially  affected  by  them.    Dr.  Buist  then  notices  the  varying  phases  of 
the  Elephanta  in  each  year,  from  1840  to  1850  inclusive.    It  will  suffice  to  mention 
that  in  1847  the  Elephanta  was  almost  abortive  in  October^  but  from  the  1st  to  the 
6th  of  November,  there  was  a  fall  of  3i  inches  of  rain,  to  the  great  discomfort  of 
those  who  had  gone  upon  the  assurance  of  the  usual  regularity  of  the  seasons,  into 
their  fair-weather  abodes.    At  neither  Madras  nor  Calcutta  is  the  separation  be- 
twixt the  rainy  and  fair  seasons,  anything  like  so  distinct  as  it  is  at  Bombay;  nor  at 
either  place  is  there  anything  corresponding  in  violence  or  sublimity  to  the  outburst 
about  the  6th  of  June,  or  the  magnificent  though  brief  Elephanta.    Some  November 
dust-storms  are  then  described,  of  which  that  of  the  1st  of  November  1860  is  a 
type : — "  At  4  o'clock  in  the  afternoon  dark  lurid  clouds  began  to  collect  over  the 
Ghauts  and  roll  off  toward  the  zenith,  in  the  teeth  of  the  sea  breeze.     Heavy  rain 
began  to  fall  all  along  the  line  of  the  Ghauts,  about  half-past  4  o'clock.    At  5  p.v. 
exactly,  the  storm  burst  upon  the  roadstead  and  fort  of  Bombay,  and  then  we  had 
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the  extraordinary  spectacle  with  which  Bombay,  once  a  year  or  so,  presents  us, — ^the 
son  shining  bright  and  tranqaii  over  Malabar  Hill  and  Colaba, — the  S.W.  sky  tran- 
quil and  serene,  while  Urge  piles  of  black  clouds  travel  over  each  other  from  the  N.E. 
horizon  up  to  the  zenith, — violent  rain  pouring  over  the  Ghauts,  some  of  the  shipsin 
harbour  almost  on  their  beam  ends ;  the  trees  bending  and  stooping  to  the  storm, 
the  air  over  the  Esplanade  darkened  with  dust,  and  large  branches  of  trees,  leaves, 
straw  and  light  materials  of  all  descriptions  sweeping  through  the  air !  This  squall, 
which  was  one  of  the  most  violent  while  it  lasted  that  we  remember,  went  round  by 
the  N.E.,  and  was  over  in  half  an  hour ;  a  good  deal  of  thunder  followed ;  after 
which  light  rain  began  to  fall  which  continued  for  some  time.  Before  9  p«m.  every- 
thing was  as  quiet  and  peaceful  as  if  there  had  never  been  a  disturbance  amonj^t 
the  elements  at  all.  From  Mahabuleshwur*  the  people  saw  the  whole  far  beneath 
them,  and  the  effect  was  very  grand.  In  one  place  a  cloud  seemed  pouring  out  its 
contents  over  a  space  of  almost  a  square  mile,  while  all  around  was  bright  sunshine ; 
between  the  hills  and  the  sea  there  was  a  dense  cloud,  emitting  frequent  flashes  of 
lightning,  and  beyond  everything  appeared  quite  clear."  Dr.  Buist  concludes  with 
some  reflections  upon  the  storms  of  India,  which  he  resolves  into  three  classes : — 
Ist,  the  whirling  storm  or  Cyclone,  which  has  been  so  well  illustrated  by  Mr.  Pe- 
dington ;  2nd,  the  travelling  storm  which  glides  over  the  country  at  the  rate  of  200 
to  250  mila  a  day,  pursuing  generally  a  rectilineal  path ;  and  3rd,  the  storms  of 
simultaneous  occurrence,  appearing  at  a  fixed  date  and  manifesting  themselves  at 
nearly  the  same  point  of  time  over  a  vast  area  of  surfuce.  Instances  are  then  given ; 
he  considers  the  first  week  in  November,  the  last  week  of  December,  the  middle  of 
January,  the  first  week  of  February,  and  the  first  weeks  of  April  and  May,  to  have 
been  crisis  periods  for  some  years  past.  With  the  exception  of  these  periods  of 
disturbances,  the  fair  weather  climate  is  so  uniform  as  not  to  need  notice ;  the  cold 
season  beginning  in  December  and  lasting  until  March,  and  the  hot  season  com- 
mencing in  April  and  lasting  until  the  rains  set  in.  The  last  half  of  January,  how- 
ever, and  the  whole  of  February,  are  remarkable  for  a  dry,  thin  mist  during  the  day, 
Trhich  obscures  the  horizon ;  and  for  the  brightness  of  the  nights  and  heavy  fall  of 
dew.  In  February  the  sea  at  night  often  assumes  a  magnificent  luminous  ap- 
pearance, the  breakers  being  bright  as  melted  silver.  In  the  day-time  it  is  seen  to 
.  be  of  a  brilliant  red  colour,  which  is  occasioned  by  the  Protoeoeau  mvalii,  or,  as  Dr. 
Carter  supposes,  P.  hiematoeoecui.  The  animalcules  affect  strong  saline  solutions, 
and  it  is  supposed  the  red  rock  salt  owes  its  colour  to  them.  Of  the  lightning.  Dr. 
Bnist  says  it  is  often  of  a  rubv  or  of  an  amethystine  purple  colour,  sometimes 
greenish,  but  most  frequently  white.  Dr.  Buist  concludes  his  paper  with  some  in- 
teresting notices  of  the  habits  of  the  flying  fox,  Pteropui  Edwardni,  and  land  crab, 

HctU'Storms  in  Indian/ram  June  1850  to  May  1851.    By  Dr.  Buist. 
Communicated  by  Col.  Sykes. 

The  year  1850  seems  in  India  to  have  been  singularly  barren  in  notable  atmo- 
spheric phenomena  of  all  descriptions.  The  monsoon  in  Western  India  was  remark- 
ably scanty,  and  at  Bombay  not  a  drop  of  rain  fell  betwixt  the  5th  of  November  and 
l6th  of  May,  and  there  seems  scarcely  to  have  been  a  single  hail-storm  betwixt  June 
and  February  worthy  of  record.  On  the  7th  of  February  hail  fell  in  considerable 
quantity  of  the  size  of  pigeons'  eggs,  at  Comoree  near  Rawah.  A  wild  hail-storm 
visited  Meerut  on  the  28th  of  March,  the  hail-stones  being  about  the  size  of  walnuts ; 
on  the  30th  hail  fell  about  the  size  of  beans  on  the  Neilgheries  6000  feet  above  the 
level  of  the  sea.  Heavy  showers  began  to  pour  down  all  over  Lower  Bengal  about 
the  23rd,  and  so  continued  for  a  week,  the  spring  sowings  having  gone  on  rapidly 
and  cheeringly.  On  this  occasion  a  violent  hail-storm  visited  Calcutta ;  no  great 
damage  however  was  occasioned  by  it.  Hail  fell  at  Secunderabad  on  the  11th  of  April 
and  2nd  of  May,  and  on  the  22nd  of  April  a  hail-storm  of  terrific  violence  occurred  at 
Rungpore,  near  Calcutta,  the  hail-stones  being  as  large  as  ducks'  eggs.  Nearly  all 
the  fruit  in  the  districts,  hundreds  of  houses,  and  a  great  number  of  trees  were  de- 

*  At  Mshabnleshwur  on  the  Ohauts,  is  a  Sanitarium  4500  feet  above  the  sea. 
t  See  the  description  by  Col.  Sykes,  in  the  Itt  volume  of  the  Transactions  of  the  En- 
temologM  Sodoty>  p.  181. 
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stroyed  by  it.    The  three  largest  masses  of  ice  recorded  as  ha^iDg  fallen  ia  lodta 
are — 

Ist.  That  mentioned  by  Dr.  Hyne  in  his  tracts  published  in  1814  as  haTing  fallen 
near  Seringapatam  in  the  time  of  Tippoo  Sultan ;  it  was  in  the  size  of  an  elephant,  and 
took  two  days  to  melt. 

2nd.  In  1826  a  mass  of  ice  fell  in  Candeish,  which  must  nearly  have  been  a  cobic 
yard  in  size  ;  no  exact  measure  was  made  of  it. 

3r(l.  In  April  1838  a  mass  of  hail-stones,  cemented  into  one  block,  fell  atDharwar. 
It  was  19  feet  10  inches  in  its  larger  diameter. 

These  things,  on  which  doabts  at  one  time  were  cast,  no  longer  seem  incredible. 
In  August  1849  a  mass  of  ice  fell  in  Rosshire  20  feet  in  circumference ;  it  is  described 
in  the  Edinburgh  Philosophical  Journal  and  the  Scotchman  newspaper  of  the  time. 

A  correspondent  writes : — "  Since  my  list  of  hail-storms  I  have  only  had  to  record 
one  under  my  own  observation,  and  which  occurred  about  three  p.m.  at  a  place 
called  Oomree,  seven  miles  west  of  Re  wall,  on  the  7  th  of  February  last,  the  hail- 
stones fully  as  big  as  pigeons'  eggs.  It  did  not  last  long,  but  was  very  violenty  and 
tore  my  tent  sadly.  This  village  Oomree  must  have  been  about  the  centre,  as  it  did 
not  extend  to  Rewah  east,  and  only  about  four  miles  to  the  westward,  as  my  camels 
were  about  that  distance,  and  had  only  rain." 

"  The  subjoined  account  of  a  violent  hail-storm  at  Meerut  on  the  2dthof  April*  is 
from  the  Mofvasilite  of  the  1st  instant: — 'On  Friday  last  Meerut  was  visited  by  a 
haiUstorm  of  unusual  violence.  The  hail-stones  were  considerably  larger  than  pigeons' 
eggs,  the  usual  standard  of  measurement  on  such  occasions.  We  regret  to  hear  thai 
much  damage  was  done  in  the  gardens  and  fields  of  the  station  and  district.  The 
prospects  of  the  ensuing  fruit-season  are  now  reduced  to  a  possibility,  and  the 
splendid  crops  are  said  to  have  suffered  very  severely.' " 

*'  A  Jessore  correspondent  gives  rather  an  unfavourable  account  of  the  weather 
and  crops  : — '  We  had  a  very  heavy  shower  of  hail  on  the  2nd  instant,  with  scarcely 
any  rain ;  whatever  of  the  latter  fell  was  all  dried  up  by  noon  the  next  day.  Since 
then  we  have  had  strong  south-westerly  winds,  scorching  up  and  killing  everything : 
the  land  is  like  burnt  bricks.  Young  trees  and  garden-shrubs  are  dying  off  in  all 
directions.'  " — Morning  Chronicle,  April  14. 

"  A  severe  hail-storm  visited  the  Delhi  district  on  the  17th  of  April,  too  late,  for- 
tunately, to  do  any  injury  to  the  crops.  The  hail-stones,  which  continued  to  fall  for 
more  than  half  an  hour,  were  of  large  size,  and  must  have  done  extensive  damage 
had  any  of  the  grain  been  left  standing.  At  present  the  atmosphere  is  charged  with 
electricity,  and  we  may  expect  a  few  more  thunder- bursts  before  the  weather  becomes 
settled."— x)cMt  Gazette,  April  19. 

"  We  hear  from  Hydrabad  that  that  station  was  visited  with  a  very  heavy  shower  of 
rain,  accompanied  with  hail,  on  the  evening  of  the  17th  of  April.  The  hail-stones^ 
we  are  told,  were  large,  so  much  so  as  to  startle  the  natives  of  the  place." — £iir- 
rachee  Gazette,  April  23rd. 

"  A  correspondent  at  Secundcrabad  writes  as  follows,  under  date  5th  instant : — 
'  On  the  2nd  of  April  we  had  a  slight  shower  of  hail,  and  on  the  1 1th  of  last  month 
there  was  a  very  severe  fall  of  hail  about  four  miles  from  this.  The  sky  now  looks 
very  threatening,  large  masses  of  dark  clouds  hanging  about.' " — Bombay  Jhnet, 
May  12th. 

"The  subjoined  account  of  a  terrific  hail-storm  at  Rungpore  is  taken  from  the 
Englishman  of  the  2nd  instant :  the  hail-stones  are  described  as  being  equal  in  size 
to  docks'  eggs  ! — A  correspondent  at  Rungpore  says : — '  Have  you  heard  of  the 
dreadful  hail- storm  we  had  here  on  the  22nd  of  this  month  (April)  ?  It  was  one  of 
the  most  terrific  ever  known  in  these  parts.  It  destroyed  hundreds  of  houses,  and 
no  small  number  of  trees  ;  some  old  ones  which  had  stood  the  storms  of  a  hundred 
years  came  down.  All  the  fruit  in  the  gardens  is  destroyed.  The  hail-stones  were 
as  large  as  ducks'  eggs,  and  the  whole  station  looks  like  a  wreck.'" 

Note  by  Colonel  Sgkes. — The  following  is  an  account  of  hail-stones  of  great  size 
which  fell  at  Nottingham  : — 

"  Violent  Storm  at  Nottingham.^-^n  Friday  afternoon,  June  20th,  1851,  at  three 
o'clock,  a  storm  of  hail  and  rain,  of  unusual  violence,  broke  immediately  over  this 
town,  deluging  the  streets,  and  sweeping  everything  before  it.  A  great  mass  of 
water  accumulated  in  Upper  Parliament  Street,  and  swept  with  overpowering  force 
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down  Sheep  Lane  into  the  market-place,  at  a  time  when  there  was  the  greatest  throng 
of  business,  pots  and  pans,  fruit,  vegetables,  and  other  things  being  carried  away  ; 
and  a  large  stream  flowed  out  of  the  market-place  down  Wheeler-gate,  filling  the 
low  kitchens  in  its  course.  The  lightning  was  extremely  vivid,  and  one  flash  struck 
a  chimney  on  the  south-west  corner  of  Messrs.  Hodgson,  Gregory  and  Co.'s  lace- 
factory.  Canal  Street,  and  the  electric  fluid,  passing  down  Uie  chimney  shaft,  set  fire 
to  a  quantity  of  cotton  fibre.  The  room  was  instantly  in  a  blaze,  but  it  was  fortu* 
nately  discovered  by  Mr.  Hodgson,  and  put  out  in  a  few  minutes.  Some  of  the  hail- 
stones were  three  or  four  inches  in  circumference,  and  were  in  shape  something  like 
broad  beans.  The  storm,  which  was  confined  almost  exclusively  to  Nottingham, 
lasted  but  ten  minutes,  and  was  followed  by  a  brilliant  evening.  A  large  number  of 
panes  were  broken,  and  the  low  kitchens  in  the  streets,  where  there  was  the  slightest 
descent,  were  filled  with  water."       _____ 

On  the  Alien  and  Christiania  Meteorological  Observations. 
By  John  Lbe,  LL,D^  F.R.S. 


On  some  Umtsual  Phenomena.    By  E.  J.  Lowe,  F.ILA.S. 

1st.  An  appearance  about  the  sun  seen  near  Highfield  House. 

1850,  May  28th. — ^The  day  had  been' fine,  with  passing  showers,  the  barometer 
above  30  inches. 

At  6^  48"  the  phsenomenon  was 
first  noticed. 

A  a  mock  sun,  elliptical,  exceed- 
ingly bright,  highly  prismatic,  the  red 
being  nearest  the  sun.  A  ray  of  light 
passed  through  it.  The  distance  from 
the  irw  sun  was  24®  30'. 

C  another  mock  sun,  similar  in  all 
respects  to  A,  was  formed  on  the  hori- 
zontal level  of  the  sun  on  the  E.  side. 

ABC  was  a  considerable  portion 
of  a  circle  (a  part  being  hid  behind  a 
cloud),  whose  horizontal  radius  was 
24®  SO',  and  whose  vertical  radius 
was  26®. 

ADC  was  apparently  a  horizontal  circle  of  larger  size ;  it  was  distinct  even  to  the 
Ban's  edge ;  it  passed  through  the  sun,  and  also  through  the  mock  suns,  llie  di- 
stance from  C  to  E  was  20®,  its  extreme  length  was  80^ 

B  D  was  apparently  a  vertical  circle,  probably  of  the  same  diameter  as  A  B  C  ;  it 
was  brightest  at  fii"  53". 

At  7^  12"'  the  cloud  had  risen  and  covered  the  sun  and  mock  suns.  There  was  a 
carious  effect  from  the  mock  sun  C ;  a  glare  of  light  came  from  behind  the  cloud 
similar  to  the  effect  produced  by  a  fire  behind  a  hill. 

7^  14''  the  phsenomenon  disappeared.  It  had  been  apparently  formed  on  the  blue 
sky,  as  no  clouds  were  visible  except  those  below  the  sun,  and  the  sky  did  not  even 
appear  dull  or  hazy,. 

2nd.  An  appearance  presented  by  cirri  in  the  davtime  resembling  aurora  borealis. 
It  occurred  in  1850,  June  4th,  at  10  o'clock  a.m.  An  arch  of  cirrus  stretched  across 
from  north  to  south,  from  which  cirri  branched  off  resembling  streamers  of  aurora; 
upon  them  were  five  small  clouds,  and  above  this  an  arch  passed  from  north  to  south 
through  the  zenith ;  within  this  arch  were  wave-like  lines,  which  had  pulsations. 
The  phsenomenon  soon  became  indistinct.  Had  the  appearance  occurred  at  night,  it 
would  undoubtedly  have  been  called  colourless  aurora  borealis. 

3rd.  Curious  appearance  in  the  west  after  sunset. 

1850,  July  28th,  7^  10**. — ^The  sky  scattered  over  with  cirrostrati  and  nimbi,  upon 
which  were  six  straight  and  one  curved  band  of  orange-scarlet ;  the  latter  was  formed 
about  over  the  son,  which  bad  set  neariy  a  quarter  of  an  hour  before. 
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7^  12»  the  curved  band  vanished. 

7^  13"  a  blood-coloured  mock  sun  formed  5^  above  the  horizon^  not  daaiKnfr  b«l 
of  good  shape.    It  seemed  to  be  immediately  above  the  true  smu    Lasted  2  mill* 

4th.  Effect  in  a  fog. 

1851,  January  6th.-«-Nottingham  and  nei^bouihood  was  visited  by  a  remarkabit 
fog.  At  A^  P.M.  the  prospect  did  not  exceed  5  yards.  The  upper  storiea  of  hofuei 
and  tops  of  trees  invisible.  On  going  to  an  open  window,  a  candle  betag  in  the  room. 
my  image  was  very  distinct  on  the  fog  at  a  distance  of  about  3  yards  from  me. 

1  i^  p.ic.  mist  considerably  cleared ;  the  prospect  extended  to  about  60  yarda.  Os 
going  down  a  steep  hill,  a  lamp,  being  situated  near  a  house,  at  a  distance  of  SO  yard% 
appeared  elevated  in  the  air  to  nearly  the  level  of  the  eye  of  the  observer ;  on  nev* 
ing  it,  it  gradually  lowered,  until,  when  opposite,  it  appeared  at  its  proper  devatioii. 

5th.  An  appearance  of  cloud  analogous  to  aurora  borealis. 

1851,  March  29ch,  10^  50°.  Stars  bright,  nimbi  about.  Below  Cassiopda  was  a 
dense  nimbus  of  a  leaden  colour,  from  which  proceeded  upwards  streams  of  a  leadca 
hoe,  which  precisely  resembled  aurora  borealis ;  these  advanced  and  receded  re> 
peatedly,  and  dimmed  the  stars  very  considerably;  between  the  bands  the  Stan 
shone  brightly.    There  were  no  signs  of  aurora  borealis  at  the  time. 


Observations  <m  Stomu.    By  Robert  Russbll  {Edivdmrgh). 
In  my  communication  last  vear  on  this  subject  at  Edinburgh,  I  stated. that  tixR 
appeared  to  be  two  distinct  classes  of  storms  which  occurred  in  BritaiD.     In  boAb 
there  were  in  general  two  currents  in  the  atmosphere  moving  in  different  directkmft. 
At  that  time  I  described  the  rainy  form  of  storms  in  which  a  western  cnrrcnt  ii 
flowing  above,  while  the  wind  at  the  surface  of  the  earth  is  blowing  from  very  dif- 
ferent points  of  the  compass  over  the  island — often  no  doubt  to  a  certain  extent  ear* 
responding  to  the  curves  which  is  supposed  to  indicate  a  gyration  and  tranalation  of 
the  elements  of  the  storms.    But  I  must  say  that  the  rotary  theory  of  etoma  hai 
never  been  satisfactory  to  my  mind,  and  I  believe  that  die  phenomena  involved 
admits  of  other  explanation.     I  gave  an  illustration  last  year  of  the  slow  progress 
which  the  rains  often  make  in  their  northerly  course  by  taking  the  weather  of  Oetober 
1849  in  the  north  and  south  parts  of  the  island.    While  I  was  actually  reading  my 
communication  a  similar  instance  was  again  in  action,  and  producing  fine  ckar 
weather  in  Scotland  during  the  end  of  July  and  1st  of  August,  when  the  eqnatxirial 
currents  were  precipitating  their  moisture  over  the  south  of  England*  and  Ain>^gMy 
the  crops.    But  on  the  18th  and  19th  of  August  a  storm  of  wind  swept  over  Bxitaiii» 
and  was  particularly  violent  in  the  norUi  of  England  and  over  Scotland.   The  deetmcb. 
tion  which  occurred  to  the  uncut  grain  was  of  a  very  serious  character.    It  «A>ided 
a  good  example  of  the  other  class  of  storms  which  I  adverted  to ;  and  in  the  pccseat 
short  sketch  I  only  intend  to  state  the  more  prominent  features  which  diaijng^fffc 
this  form  of  storms  from  the  other,  which  was  described  last  year.  Theoretical  coo* 
siderations  will  be  avoided,  as  it  may  form  materials  for  a  future  commanicaftioB.   It 
is  well  known  that  some  storms  begin  to  blow  from  south-weat,  and  veer  round  to 
north-west.    It  often  happens,  however*  that  an  upper  north- vrest  current  haa  beta 
steadily  flowing  all  the  time.    During  the  present  season  the  weather  was  very  oqU 
and  stormy  in  the  end  of  May,  and  ahnost  throughout  the  month  of  June.     In  these 
storms  the  wind  began  to  blow  from  south>west,  and  veered  round  to  north«wcel  % 
but  the  upper  currents  kept  very  regularly  in  Scotland  from  the  north-weat.    Tint 
is  a  very  common  occurrence  over  Great  Britain  in  autumn  and  winter :  when  the 
wind  below  veers  round  to  the  north-west,  it  becomes  dry  and  cold,  and  the  eloeds 
clear  off;  but  again  the  wind  will  shift  at  the  surface  of  the  earth  to  the  aoath-vrMt» 
while  the  current  above  will  still  continue  from  the  north«west.    Here  we  percent 
a  consistent  and  regular  recurrence  of  phaenomena.    The  south-west  wind  ia  laden 
with  moisture,  which  is  condensed  into  cloud  and  rain  where  the  two  winda  meet 
The  lower  surface  of  the  cold  upper  current  forms  cirrostratus,  which,  when  we 
observe  its  motions,  is  the  mftans  which  assures  us  of  the  existence  of  two  difieccnt 
currents.    The  formation  of  this  particular  cloud  in  the  west  is  the  first  herald  of 
approaching  storm,  for  the  barometer  does  not  give  warning  here  aa  in  the  rainy 
storms  with  eastern  winds ;  this  is  a  very  distinct  and  impoitaat  tetara  in  the  twoi 
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This  is  no  doubt  owing  to  the  change  taking  place  in  the  one  class  of  stonns  in  the 
lower  strata,  while  it  is  taking  place  in  the  upper  regions  in  the  other.  It  is  also  a 
characteristic  of  these  westerly  gales,  that  the  south-west  wind,  at  the  surface  of  the 
earth  in  its  first  stages,  crosses  the  whole  island  in  one  broad  stream,  beginning  to 
blow  almost  simultaneously  in  Cornwall  and  the  north  of  Scotland.  The  oscillations 
of  the  barometer  also  often  correspond  as  to  time,  but  vary  as  to  amount.  It  is 
seldom  that  much  rain  falls  in  the  eastern  counties  under  these  conditions  of  atmo- 
spheric currents ;  hut  it  falls  copiously  in  the  western,  where  the  lower  current  is 
driven  up  the  high  grounds,  and  probably  projected  into  the  colder  current  above. 
There  is  no  doubt  that  the  upper  current  from  the  north-west  not  only  produces 
cloud,  which,  so  far  as  our  observations  extend,  is  peculiar  in  shape  and  form  to  this 
course  of  winds,  but  it  actuallv  acts  in  many  instances  as  a  condenser  in  throwing 
down  considerable  quantities  of  rain.  A  food  instance  of  this  occurred  on  ^e  27th 
of  August,  1850 :  early  on  that  morning  the  wind  in  Fifeshire  was  north-west  and 
yery  cold ;  it  fell  to  a  calm  below,  and  a  warm  moist  south- west  wind  sprang  up, 
and  graduallv  veered  round  to  south-east,  east,  north-easti  and  at  last  to  north-west 
at  night,  'ms  is  by  no  means  a  common  occurrence,  as  it  usually  goes  the  other 
way :  '71  inch  of  rain  fell  in  Fife,  and  1*1  inch  at  VHiitehaven,  in  Cumberland, 
where  it  also  rained  the  whole  dav.  When  the  clouds  began  to  clear  away  towards 
night,  I  observed  the  cirrostratus  lying  like  vanes  pointing  north-west  to  south-east, 
which  was  gradually  evaporated  by  the  wind  when  it  got  round  to  the  same  direction. 
In  the  more  violent  storms  of  wind  the  upper  strata  appear  to  be  excessively  cold, 
and  the  great  alterations  of  temperature  which  occur  are  closely  connected  with  this 
circumstance.  The  weather  was  remarkably  fine  and  warm  over  Britain  about  the 
15th  of  August :  it  was  the  finest  day  of  summer  in  Fifeshire ;  the  maximum  shade 
temperature  rose  to  80^.  The  barometer  fell  very  rapidly  on  the  18th  and  19th  at 
Dunino,  with  a  very  heavy  gale  of  wind.  A  repetition  of  the  gale  and  fall  of  the 
barometer  took  place  on  the  25th.  In  both  cases  the  south-west  wind  was  blowing 
over  the  whole  island,  from  Inverness  to  Cornwall,  and  when  the  storm  set  in  an 
upper  north-west  current  prevailed.  The  temperature  of  the  higher  strata  seems  to 
have  been  intensely  cold  on  the  20th,  21st,  22nd  and  23rd ;  hail-showers  were  more 
or  less  common  over  the  whole  island.  The  cumuli  were  very  low,  and  the  sky  of 
that  deep  and  transparent  azure  which  only  occurs  in  summer,  when  the  sun  heats 
the  lower  strata  of  the  atmosphere.  In  Forfarshire  and  Banffshire  devastating  storms 
of  thunder,  with  hail,  occurred ;  the  Grampian  Mountains  were  covered  with  snow 
in  many  places. 

It  is  worthy  of  remark,  that  on  the  18th  and  19th  of  August,  when  the  barometrical 
pressure  was  very  light  in  Fifeshire,  the  north  of  France  and  Belgium  were  visited 
with  great  falls  of  rain,  which  flooded  all  the  low  countries.  We  have  avoided  in  this 
short  sketch  all  reference  to  theory,  but  on  another  occasion  we  may  enter  upon  this 
ground.  In  the  meantime  we  close  this  paper  by  expressing  our  opinion  that  little 
progress  will  be  made  in  developing  the  law  of  storms  until  the  directions  of  the  wind 
in  the  higher  and  lower  strata  of  the  atmosphere  are  more  generally  observed  and 
carefully  registered.  . 

On  same  of  the  Appearances  whick  are  peculiar  to  Sunbeams, 
By  Henry  Twining* 

In  this  communication,  the  author  noticed  the  condition  of  the  cloud  and  the  state 
of  the  atmosphere  which  usually  give  rise  to  the  appearance  of  luminous  beams.  He 
observed  that  the  luminous  rays  are  formed  chiefly  in  the  lower  regions  of  the  atmo- 
sphere, but  that  they  are  nevertheless  seen  at  times  at  very  great  elevations,  since 
they  occur  as  much  as  20  minutes  after  sunset. 

He  called  attention  to  the  peculiar  perspective  effects  which  are  connected  with 
the  appearance  of  luminous  rays,  as  they  occasionally  mem  to  extend  in  the  most 
t>ppoeite  directions,  although  their  real  direction  is  invariably  the  same.  Referring 
to  a  belt  of  exceedingly  dark  shadow  which  surrounds  the  lummous  margin  of  clouds, 
he  stated  that  it  differs  essentially  from  the  usual  appearance  of  solar  radiation,  and 
proposed  a  hypothetical  explanation  of  this  peculiar  effect. 
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Xegtster  (f  Meieoroloffical  Pluaumena  ai  Huffgaie  in  Yorkdare. 
By  the  Rev.  T.  Rankin. 


Law  {f  Storms,^-On  Mooring  Skipi  in  Reeokring  Gala. 
Bg  Lieut.- Colonel  Wm.  Rbid,  Roffol  Engineers,  P.ILS. 

In  this  paper  I  propose  to  explain  a  sabject  wbich  I  had  oreriooked,  until  my  at- 
tention was  lately  drawn  to  it  by  Sir  James  Dombrain,  who  commands  the  Rmniie 
vessels  on  the  coast  of  Ireland.  He  informed  me,  that  after  studying  the  first  wock 
I  had  published  on  the  Law  of  Storms,  he  observed  that  when  he  let  go  his  right 
hand,  or  starboard  bower  anchor,  the  first,  and  afterwards  the  left-hand,  or  poit 
bower  anchor,  in  gales  on  the  coast  of  Ireland,  veering  from  south-east  by  south  to 
"west,  that  the  cables  twbted  or  fouled  as  the  vessels  swung  round  to  the  veering 
wind  ;  and  that  this  observation  led  him  to  change  all  his  best  bower  anchors  from 
the  starboard  to  the  port  side  of  his  vessels. 

This  would  generally  be  the  rule  on  the  coast  of  Ireland.  But  these  remarks  led 
me  to  consider  what  the  rule  should  be  on  either  side  of  the  centre  of  a  pragresore 
revolving  gale,  and  whether  it  would  not  be  different  in  the  southern  hemisphere,  ia 
which  gales  revolve  in  the  opposite  way  to  what  they  do  in  the  northern  heniisphcre. 
I  may  here  explain,  that  when  two  cables  are  laid  out  with  anchors  from  the  head 
of  a  ship,  it  becomes  very  difficult  to  weigh  anchor  with  only  one  crossing  ia 
the  cables,  and  impossible  to  do  so  with  a  double  cross,  called  an  elbow ;  and  heaoe 
the  importance  of  riding  at  anchor  without  crossing  or  fouling  the  cables  when  ships 
are  moored. 


/ 

« 

\  /        /     / 


y- 


/'  Ship  hi 

xight-hand 
side  of  gale. 


The  first  diagram  is  intended  to  represent  a  whirlwind  gale  800  or  1000  nulcs  ia 
diameter,  moving  on  a  north-east  course,  and  supposed  to  be  approaching  the  Britiali 
Islands,  but  with  its  centre  on  the  Atlantic ;  and  such  gales  are  the  most  frequent 
on  the  British  coasts.  In  such  a  gale  as  is  here  represented,  the  wind  on  the  Brilidi 
coasts  would  set  in  between  east  and  south,  and  veer  by  die  south  to  the  west.  If 
a  ship  were  to  come  to  anchor  With  a  single  anchor,  as  that  marked  (>»  with  the 
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wind  at  sontb-eaBt,  she  would  at  first  swing  to  the  north-west,  head  to  wind, 
as  in  the  diagram ;  and  it  is  necessary  to  remark,  that  both  the  ships  and  length  of 
cable,  in  this  and  the  other  diagrams,  are  unavoidably  greatly  exaggerated  in  size,  in 
proportion  to  the  scale  of  the  gale. 

As  the  whirlwind  gale  moves  onwards  in  the  direction  of  Norway,  and  as  the  wind 
yeers  towards  the  south,  the  ship  would  swing  towards  the  north,  and  whilst 
swinging,  by  letting  go  the  anchor  No,  2  from  the  starboard  bow,  she  would  be 
moored  at  in  the  figure.  By  inspecting  the  diagram,  it  will  be  seen,  that  had  the 
starboard  anchor  been  first  let  go,  and  afterwards  the  port  anchor,  the  cables  would 
cross ;  but  if  the  port  anchor  had  been  first  let  go,  the  ship  would  ride  with  what  is 
called  open  hawse. 

Hie  next  diagram  will  show  that  the  rule  just  mentioned  would  not  hold  good  in 


Figure  for 
the  North, 
em  hemi. 
sphere. 


^y- 


.^^ 


Ship  in 
left-hand 
sideof  gsle. 


( where  a  ship  comes  to  anchor  at  the  setting  in  of  a  whirlwind  gale,  and  happens 
to  be  on  the  opposite  side  of  the  gale's  centre  to  that  just  described ;  as  for  example  in 
the  north-east  storms  of  the  Atlantic  coast  of  North  America,  in  which  the  wind 
veers  from  north-east  to  north  and  north*west.  In  this  case,  if  the  port  anchor 
were  to  be  the  first  let  go,  and  afterwards  the  starboard  anchor,  the  cables  would  foul 
or  cross ;  and  therefore  the  starboard  anchor  should  in  this  case  be  the  first  let  go,  to 
ride  with  open  hawse,  as  will  be  best  understood  by  considering  the  diagram.  If  a 
whirlwind  storm  were  moving  northward,  with  its  centre  skirting  the  coasts  of  Hoi- 
land,  the  British  Islands  would  be  in  the  left-hand  side  of  the  storm,  when  the  star- 
board anchor  should  be  the  first  let  go. 

I  have  made  two  other  diagrams  to  show  what  the  effect  of  the  veering  of  the  wind 
would  be  south  of  the  equator.  From  these  diagrams  we  see  that  ships  will  ride 
with  open  hawse  by  letting  go  the  port  bower  anchor  first,  when  in  the  right-hand 
side  of  a  cyclone  or  whirlwind  gale ;  and  that  they  will  ride  with  open  hawse  by 
letting  go  the  starboard  anchor  first  in  the  left-hand  side  of  a  cyclone,both  in  the 
northern  and  southern  hemispheres,  notwithstanding  their  counter-movement  north 
And  south  of  the  equator. 

I  hava  been  hera  only  endeavouring  to  point  oat  general  principles,  which  would 
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require  to  be  modified  by  seunen  according  to  local  ctrcomstanoea.    for  euamplm, 
tides  by  creating  currents  sometiinea  cause  ships  to  swing  against  tha  wind. 


Fig.  3. 
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read  before  this  Association  thirteen  years  ago,  I  ventured  to  point 

orology  had  been  stadied  in  far  too  circamsoribed  a  sphere,  and  that 

i  combine  to  stndy  the  atmospheric  laws.    Acting  on  this  principle,  a 

t  step  has  recently  been  taken  by  the  American  minister,  Mr.  Abbott 

1  Viscount  Palmerston,  towards  putting  the  consuls  of  the  American 

\  Aions  throughout  the  globe  in  communication  with  each  other  for  the 

\  meteorological  inyestigations.     It  is  proposed  that  the  consuls  shall 

tive  navies,  both  public  and  commercial,  in  collecting  meteorological 

tons  to  this  effect  have  been  sent  by  Lord  Palmerston  to  about  200 

•  and  in  these  instructions  to  the  consuls  it  is  stated,—"  You  will 

lalf-yearly  an  abstract  of  the  information  you  may  have  obtained, 

ks  as  may  suggest  Aemselves  to  you.    If  vou  can  add  diagrams,  to 

of  any  remarkable  storms,  they  will  greatly  add  to  the  value  of  the 

it  is  of  importance  to  circulate  as  widely  as  possible  information  as 

you  should  encourage  the  publication  of  such  information  in  news- 

dical  works.'' 

ictions  be  properly  carried  out,  they  will  prove  of  high  value  to  me* 
ace.    The  progress  hereafter  to  be  made  in  the  study  of  the  atmo- 
P  in  a  great  degree  depend  upon  periodical  publications,  widely  cir- 
Jtion  from  as  many  points  on  the  surface  of  the  globe  as  it  is  possible 
has  been  mainly  through  the  instrumentality  of  the  Bengal  Asiatic 
1  giving  wide  publicity  to  Mr.  Piddington's  labours,  that  we  are  in- 
resent  knowledge  of  the  cyclones  of  the  Indian  seas, 
apposed  that  hurricanes  were  unknown  at  the  Cape  Verde  Islands, 
fe  one  occurred  there  on  the  3rd  of  last  September.     By  the  consular 
led  to  me  by  Lord  Palmerston,  together  with  reports  from  some  ves- 
nntered  it,  I  find  that  the  storm  alluded  to  came  from  the  eastward, 
f  the  Cape  Verde  Islands,  on  a  westerly  course,  as  a  whirlwind  storm, 
ft  Islands  are  in  lat  about  16^  and  17^  north.     It  was  afterwards  en- 
It.  28^,  long.  82<*,  which  shows  that  it  took  from  the  Cape  Verde  a 
iction.    If  it  continued  its  progress  it  must  have  passed  to  the  weet- 
toies. 

•quiry,  negative  proof,  if  I  may  here  apply  the  term,  is  of  great  value  i 
ft  satisfactorily  proved  from  reports  called  for  by  the  Foreign  Office, 
i  did  not  pass  between  the  groups  of  islands  on  the  eastern  side  of  the 
fcUie  reports  from  Mr.  Carew  Hunt,  consul  at  the  Azores,  lead  to  the 
Id  pass  on  the  12th  of  September  to  the  westward  of  his  position.  I 
0  this  Cape  Verde  Islands  hurricane,  in  order  to  show  the  gxeat  im- 
iring  observations  over  extensive  spaces  of  the  globe,  in  studying  the 
tws. 

jby  known  that  for  some  time  back,  the  direction  of  the  wind  has  been 
Is  Electric  Telegraph  Company,  from  all  the  points  in  Great  Britain 
peir  wires  communicate ;  but  the  atmospheric  pressure  was  not  given, 
'Ibw  days,  however,  this  very  valuable  addition  has  been  made  by  the 
jraph  Company. 

f  attempt  now  making  to  lay  down  electric  telegraph  wires  across  the 
ter  be  successful,  we  shall  be  able  to  obtain  in  this  country  simulta- 
f  on  the  veering  of  the  wind,  in  combination  with  the  alterations  of  at- 
)Bssore  over  all  parts  of  Europe.  We  should  then  be  able  to  track  the 
le  Mediterranean  Sea,  over  Europe  to  the  Baltic ;  and  I  have  great 
ieing  able  here  to  state,  that  there  is  reason  to  hope  that  the  French  in 
I  engaged  in  this  inquiry,  with  a  view  of  tracing  the  Mediterranean 
•ir  source  in  Africa.         

^  Meieoroloffical  Observations  made  at  Futtegurh,  far  the  Year 
tth"  West  Provincesj  Bengal.  By  John  C.  Pylb.  Transmitted 
uiST,  and  communicated  by  Lt-Colonel  Sykes,  F.B.S. 

.  position^  fro.  of  the  inatnunents  employed :— * 
r.*-FVime  whoUy  of  metal ;  iron  cistern  for  holding  the  mercury^  with 
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thermometer  inserted;  scale  from  27  to  31  inclies;  vernier  moved  by  rack  and  pinion; 
made  by  Newman,  122  Regent  Street,  London,  and  imported  to  direct  order  in  May, 
1848.    This  instrument  b  placed  inside  the  house,  in  a  room  facing  S.W.  by  S. 

Ihy  and  wet  bulb  Thermometers,  1,  2. — Made  by  Newman,  and  received  direct 
from  him.     Ivory  scales,  graduated  to  single  degrees,  half-degrees  estimated. 

Self-regbtering  Thermometers,  3, 4. — Made  by  Newman,  and  received  direct  from 
him.  Metal  scales,  graduated  to  half-degrees.  These  four  thermometers  are  placed 
in  a  thatched  shed  20  feet  by  13,  in  which  there  is  a  free  circulation  of  air.  Tha 
shed  is  at  a  short  distance  from  the  house. 

Black  bulb  self-registering  Thermometers. — Made  by  Newman,  and  received  firom 
him  in  1850.  Metal  scale,  graduated  to  half-degrees,  fixed  4|  feet  from  the  groond« 
facing  south,  fully  exposed  to  the  sun,  and  at  a  distance  from  the  house. 

Rain-gauge,  made  by  Newman. 

Note  by  Dr.  Buist  on  the  Meteorology  of  FiUiegurh, — ^The  following  tables  fumiah 
an  abstract  of  the  meteorological  observations  taken  by  Mr.  J.  C.  Pyle  at  Futtegurh. 
Mr.  Pyle  is  an  able,  an  old  and  experienced  meteorologist.  His  instruments  seem 
of  the  best  quality  and  in  good  order,  and  the  correctness  of  his  observations  may 
be  relied  on.  For  the  first  half  of  the  year  readings  were  taken  at  6  and  10  a.m.,  at 
noon  and  at  4,  6  and  10  p.m.,  thus  giving  three  of  the  turning-points  of  the  baro- 
meter, borastices  as  we  call  them  in  India.  The  6  o'clock  observation  gives  a  dose 
approximation  of  the  fourth.  It  is  unfortunate  that  for  the  latter  part  of  the  year 
Mr.  Pyle  should  have  given  readings  at  10  a.m.  and  4  p.m.  only.  Futtegurh,  in  lat. 
27°  2l'N.,  long.  79*^  3l'£.,  is  the  northernmost  station  in  India,  so  far  as  I  know, 
from  which  observations  so  full  as  those  of  Mr.  Pyle  have  been  received.  The  Simlah 
observations  have  not  yet  been  laid  before  the  world.  The  following  are  the  means 
of  the  various  months  of  the  year : — 

Jan.     29-400.         April  29*116.        July    28'389.         Oct.  29'250. 

Feb.     29*420.  May   28*916.         Aug.    28*448..        Nov.  29*355. 

March  29*270.         June  28771.        Sept.  28*513.         Dec.  29*389. 
It  will  thus  be  seen  that  the  barometer  obtains  it6  maximum,  as  in  most  places  of 
India,  in  February,  and  its  minimum  in  July,  the  rain  during  the  year  being  24*86 
inches.    The  duly  range  of  the  various  months  seems  the  following  :— 

Jan.      -017.  April '131.  July    '110.  Oct.  '117. 

Feb.      •116.  May  -129.  Aug.  -097.  Nov.  '110. 

March  '112.  Juue  '152.  Sept.  *114.  Dec.  '118. 

These  ranges  are  unusually  high  for  a  latitude  so  far  north  as  Futtegurh,  and  they 
depart  considerably  from  the  general  law  by  which  the  daily  range  diminishes  as  thbe 
barometer  smks.  The  June  and  July  ranges,  when  the  mercury  was  at  its  loweat^ 
are  higher,  or  nearly  as  high,  as  those  of  January  and  February,  when  the  pressure 
was  greatest.  When  wc  find  anomalies  of  this  class  in  the  northern  hemisphere, 
with  others  still  more  striking  just  south  of  the  line,  at  St.  Helena  for  example,  where 
the  mercury  is  almost  stationary,  how  earnestly  does  the  meteorologist  long  for  more 
observations,  or  speedy  access  to  those  which  have  already  been  made!  Simlah, 
Sincapoor,  Lucknow,  Bombay,  Trevandrum,  have  all  treasures  in  this  way  req[uiruig 
to  see  the  light. 

Note  by  Colonel  SyJcei  on  the  Meteorology  qf  Fkttegurh, — Mr.  Pyle  appears  to  have 
had  trustworthy  instruments,  and  to  have  made  a  careful  and  laborious  use  of  them. 
I  presume  he  has  not  had  any  opportunity^ of  comparing  them  with  standards,  nor 
does  he  mention  the  elevation  of  Futtegurh  above  the  sea ;  but  it  cannot  be  less  than 
600  feet,  as  the  maximum  mean  pressure  on  the  barometer  in  February  was  only 
29^'420 ;  but  as  Mr.  Pyle  would  seem  to  have  taken  a  mean  of  means  for  his  quar- 
terly determinations,  in  case  he  has  followed  the  same  plan  in  fixing  his  monthly 
means,  29^*420  may  not  be  quite  accurate.  The  annual  curve  of  pressure  would 
appear  to  be  regulated  by  the  place  of  the  sun  in  the  ecliptic,  as  I  showed  was  the 
case  in  my  paper  on  the  Meteorology  of  India,  in  the  aunual  curves  of  pressure  at 
Bombay,  Madras  and  Calcutta.  The  mean  depressions  of  the  wet-bulb  seem  to 
have  been  always  greatest  at  4  p.m.,  diminishing  with  decreasing  temperature,  and 
increasing  with  the  temperature.    The  depressions  must  have  been  my  marked  in 
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the  month  of  May>  since  the  mean  depression  for  the  month  at  4  p.m.  was  31<=^'29* 
the  mean  temperature  at  that  hour  being  103°*35,  which  by  Glaisher's  factors  would 
give  a  dew-point  of  56°- 4,  or  nearly  47°  below  the  temperature  of  the  air.  Apjohn's 
formula  would  make  the  dew-point  63°'4,  or  50°  below  the  temperature  of  the  ain 
The  mean  temperature  of  103^*35  at  4  p.m.  in  May  far  exceeds  anything  I  ever  ex- 
perienced in  India.  The  fall  of  dew  was  greatest  in  the  first  and  fourth  quarters  of 
the  year,  when  the  mean  temperature  is  lower  than  during  the  other  two  quarters ; 
but  the  greatest  quantity  of  dew  did  not  fall  in  the  coldest  months,  with  the  excep- 
tion of  January.  The  evaporation  was  necessarily  greatest  in  the  hot  quarter ;  but 
somewhat  singularly  the  next  greatest  amount  was  in  the  Monsoon  quarter,  when 
nearly  20  inches  of  rain  fell.  

Notice  of  Aurora  JBorealis  seen  cU  St.  IveSy  Hunts^  Oct,  1,  1850. 
By  J.  K.  Watts. 

The  pbsenomena  consisted  of  flashes,  chiefly  red,  which  often  rose  to  the  zenith* 
There  was  no  arch.    The  appearance  lasted  from  8*55  to  9*15. 


Notice  of  a  Snow-Storm.    By  J.  K.  Watts. 

A  remarkable  thunder-storm,  accompanied  with  mow,  passed  over  the  town  of  St. 
Ives,  Hunts,  on  Wednesday  the  2l8t  of  August,  1850.  For  several  previous  days 
the  staj:e  of  the  weather  had  been  unfavourable,  with  heavy  rains  and  strong  winds* 
doing  considerable  damage  to  the  com  crops  in  the  neighbourhood,  some  of  which 
were  entirely  destroyed.  On  the  morning  of  the  storm,  however,  the  sky  remained 
clear,  a  cold  wind  blowing  directly  from  the  north,  until  about  1 1  o'clock  a.m.,  when 
the  wind,  after  shifting  to  and  from  all  points,  suddenly  veered  round  to  the  south- 
east, bringing  masses  of  heavy  cloud,  apparently  highly  charged  with  electric  fluid* 
This  state  of  the  atmosphere  continued  till  1  o'clock  p.m.  ;  cold  rain  falling  at  in« 
tervals  with  three  distinct  currents  of  air,  the  upper  and  lower  of  them  blowing  from 
the  south-east  with  a  great  volume  of  dense  rolling  vapour,  and  the  middle  one  from 
the  opposite  direction,  viz.  the  north-west,  driving  thin  light  cirro-cumulus  clouds 
before  it  with  great  rapidity.  At  about  2  o'clock  a  large  black  cloud  approached  the 
town  from  the  south-east,  preceded  by  an  extremely  cold  current  of  air.  The  ther« 
mometer  fell  rapidly,  and  there  was  every  sign  of  great  atmospheric  commotion. 
When  the  storm  approached  the  town,  a  large  quantity  of  snow  fell  covering  theroof§ 
of  the  buildings  to  some  depth,  and  vivid  discharges  of  electric  fluid  took  place,  with 
deafening  reports  of  thunder.  This  was  ibllowed  by  a  driving  shower  of  hail  of  large 
dimensions,  and  a  most  piercing  wind,  the  air  being  very  oppressive  as  though 
charged  with  sulphureous  vapour.  The  wind  then  veered  to  the  south,  driving  the 
storm  rapidly  away  towards  the  villages  of  Broughton  and  Ripton-Regis,  where 
pieces  of  ice  fell  of  a  large  size,  doing  great  injury  to  vegetation. 

When  the  storm  had  subsided  one  current  of  air  only  was  perceptible,  as  the  whole 
body  of  vapour  travelled  in  one  direction  towards  the  north-west  In  the  evening 
the  weather  cleared  up  and  the  atmosphere  became  warmer. 


Account  of  a  Lunar  Rainbow,  seen  Aug.  23,  1850,  between  ffaddenham  and 
Earithy  near  St.  Ives,    By  J.  K.  Watts. 

The  weather  had  been  somewhat  tempestuous  for  several  days  previously,  with  cold 
rains  and  variable  winds,  and  on  the  preceding  night  the  moon  was  at  the  full.  On 
the  night  in  question,  the  sky  presented  a  most  singular  appearance:  from  the 
horizon  in  the  north-east  across  to  the  north-west,  it  was  perfectly  clear,  the  moon 
and  stars  shining  brilliantly ;  while  extending  from  the  south-east  to  the  north-west 
and  down  to  the  horizon  was  one  continuous  mass  of  black  cloud,  so  that  one  half 
of  the  sky  was  quite  light  and  cloudless,  and  the  other  half  intensely  dark.  At 
about  10  o'clock  some  small  rain  fell,  evidently  from  the  edge  of  the  cloud  above  me, 
and  it  was  clearly  perceptible  that  at  a  short  distance  from  the  spot  where  I  was,  it 
rained  heavily.  Presently  a  broad  and  silvery-white  arch  appeared,  being  completely 
Bemicircular ;  and  directly  after,  a  second  or  outer  bow,  as  perfect  in  eveiy  respect  as 
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the  inner  one,  was  alto  formed :  both  were  as  clearly  and  perfectly  developed  mm  any 
solar  bow  I  have  ever  seen.  They  were  exceedingly  brilliant,  and  by  having  a  den— 
sombre  back-ground,  had  a  most  magnificent  appearance :  several  colours  were  per* 
ceptible  upon  their  outer  edges,  but  only  in  a  faint  degree ;  tinges  of  red  and  blvm 
were  roost  distinct.  The  phaenomenon  continued  in  its  greatest  perfection  for  m 
quarter  of  an  hour,  during  which  time  it  attracted  the  notice  of  other  pet«oiia« 
as  X  was  afterwards  informed.  It  appeared  to  be  but  a  short  distance  from  me,  and 
was  at  least  20  minutes  disappearing  from  the  time  of  its  greatest  brilliancy.  tbereb]f 
showing  the  slow  progress  made  by  the  shower. 


On  the  Rise  and  Fall  of  the  Barometer.    By  W.  H.  Websteb. 


Description  of  a  Sliding  -  Rule  for  Hygromehioal  CalcuUxtUms. 
By  John  Welsh,  Kew  Observatory* 

This  instrument  has  been  devised  with  the  view  of  facilitating  the  redaction  of 
observations  with  the  dry  and  wet  bulb  hygrometer. 

The  results  usually  deduced  from  the  observations  of  the  dry  and  wet  thermome- 
ters are, — 1st.  The  elasticity  of  the  aqueous  vapour  present  in  the  air.  2nd.  The 
temperature  of  the  dew-point.  3rd.  The  degree  of  humidity,  or  the  ratio  to  com- 
plete  saturation.    4th.  The  weight  of  water  contained  in  a  cubic  foot  of  air. 

The  first  of  these  results  is  deduced  from  the  well-known  formula  of  Dr.  Apjohn, 

/"=/'—--  •  — r,  where/"  is  the  elasticity  of  vapour  tequired  to  be  found,  /'  the 

8/     vO 
elasticity  corresponding  to  the  temperature  of  the  wet  thermometer,  d  the  difierence 
between  the  dry  and  wet  thermometers,  and  h  the  height  of  the  barometer.   The  dew- 
point  is  the  temperature  corresponding  to  the  elasticity/".    If  /  be  the  elasticity 

corresponding  to  the  temperature  of  the  air,  the  degree  of  humiditys^.    The  wei|^t 

of  vapour  is  obtained  from  the  formula 

,         1-375  X  258*448  xE* 


,  30(1+ '002083  Xf'— 32)* 
where  to'  is  the  weight  in  grains  of  the  water  contained  in  a  cubic  foot  of  air  at  a 
dew-point  t ;  £f  the  elasticity  of  vapour  for  the  same  temperature.  A  factor  has  to  be 
applied  to  «/  in  order  to  correct  for  the  increased  elasticity  of  the  vapour  due  to  tha 
depression  of  the  dew-point  below  the  temperature  of  the  air. 

The  observer,  in  obtaining  these  four  results,  has  to  make  distinct  calculations  fbr 
each  observation,  making  six  references  to  tables,  and  performing  one  subtraction, 
one  multiplication,  and  one  division.  By  means  of  the  instrument  about  to  be  de- 
scribed, it  is  believed  that  the  four  results  mentioned  above  can  be  obtained  with 
less  trouble,  and  with  as  much  accuracy  as  the  observations  themselves  can  be  taken. 

The  instrument  is  a  sliding  rule,  about  15  inches  long,  and  li  inch  broad«  having 
one  sliding-piece  on  each  side.  Figure  1  in  Plate  I.,  is  a  plan  of  a  portion  of  the 
instrument  drawn  to  the  natural  size ;  the  sliding-pieces  being  set  in  accordance 
with  the  example  given  below.  On  the  first  side,  the  scale  A  is  one  of  equal  parts, 
its  argument  being  the  elasticity  of  vapour  in  inches  of  mercury ;  one-tenth  of  an 
inch  of  mercury  being  represented  by  one  inch  in  the  scale.  The  fixed  scale  D  shows 
the  corresponding  temperature  according  to  Dalton's  table ;  this  scale  being  of  couTBe 
an  unequal  one.  Scales  B  and  C,  similar  to  D,  are  divided  upon  each  edge  of  the 
sliding-piece  which  works  between  A  and  D.  In  the  middle  of  the  sliding-piece  are 
three  slits  having  bevelled  edges ;  on  each  side  of  these  slits  are  divided  short  scales 

a,  ht  c,  d,  •,  and/,  representing  the  quantity  -—•  --,  which  has  to  be  subtracted 

o/      30 

from  //,  in  order  to  give/'^  The  scales  a,  i,  c,  d  are  adapted  for  each  half-inch  of 
the  height  of  the  barometer  from  29  to  30i ;  e  and  /  being  adapted  to  the  change 
which  takes  place  in  the  coefficient  when  the  temperature  of  evaporation  is  below 

*  See  Greenwkh  Mag.  and  Met.  ObiervatioiM,  1848»  p.  zhiii. 
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32^  and  for  the  heights  39  and  30  inches  of  the  barometer.  The  indices  i,  i,  i,  seen 
through  these  slits  and  drawn  on  the  fixed  portion  of  the  instrument,  are  so  placed 
that  when  the  slide  is  closed  they  shall  point  to  zero  of  all  these  short  scales.  When 
the  slide  is  closed  the  scales  C  and  D  should  coincide,  and  the  scales  A  and  B  should 
have  the  correct  tabular  relation. 

On  the  other  side  of  the  instrument  there  is  another  sliding-piece.  The  scale  H 
on  one  edge  of  the  sliding-piece  is  a  simple  logarithmic  scale,  the  argument  in  this 
instance  being  the  degree  of  humidity,  saturation  of  the  air  being=l'0.  The  fixed 
scale  I  opposite  to  this  is  also  logarithmic,  and  represents  the  logarithm  of  the 
elasticity  of  vapour;  the  argument^  however^  being  the  temperature  corresponding 
to  the  elasticity. 

The  scale  £  on  the  other  edge  of  this  sliding-piece  is  one  of  equal  parts,  and  re« 
presents  the  temperature  of  the  dew-point,  like  fixed  scale  F  is  the  weight  in  grains 
of  the  water  in  a  cubic  foot  of  air  corresponding  to  the  temperatures  in  E.  On  a 
line  with  F  is  a  short  scale  G,  which  gives  the  correction  to  be  applied  to  the  num- 
bers in  F  for  the  depression  of  the  dew-point  below  the  temperature  of  the  air ;  the 
argument  being  the  number  of  degrees  of  this  depression.  An  index  g  is  placed  so, 
that  when  the  slide  is  closed,  and  the  scales  E  and  F  are  in  correct  tabular  relation, 
it  shall  point  to  zero  of  scale  G.  The  scales  E,  F,  and  G  ought  in  strict  accuracy 
to  have  oeen  in  logarithmic  relation  to  each  other ;  but  it  was  found,  on  trial  of  ex- 
treme cases,  that  they  are  already  (owing  to  the  laws  of  change  of  elasticity)  so  very 
nenrly  so,  that  no  appreciable  error  is  introduced  by  the  approximate  method 
adopted. 

Tlie  use  of  the  instrument  will  be  best  understood  from  an  example.  Let  the  dry 
thermometer  read  70^»  and  the  wet  66^,  the  difference  is  5° ;  let  also  the  height  of 
the  barometer  be  about  29*5  inches. 

Move  the  first  sliding-piece  (B  C)  until  the  index  t  is  opposite  5*0  on  scale  b ;  look 
for  the  division  65^*0  on  scale  B ;  opposite  65  will  be  found  on  scale  A  '561  in.  as  the 
elasticity  of  vapour ;  again  look  for  65^  on  C,  and  opposite  to  it  we  shall  find  on  D 
62*1,  which  is  the  temperature  of  the  dew-point. 

These  two  numbers  having  been  written  down  we  pass  to  the  second  slide.  Set 
the  point  1*0  on  H  to  70°  (tibe  temperature  of  the  air)  on  I ;  the  dew-point  we  have 
fbund  to  be  62^*1  {  find  this  on  I,  and  opposite  to  it  we  find  on  H  *770  as  the  degree 
of  humidity. 

Again :— The  depression  of  the  dew-point  below  the  temperature  of  the  air  is  8^ ; 
set  ^  to  8^  on  G,  find  62^1  on  E,  and  opposite  to  it  on  F  we  find  6*15  grains  as  the 
weight  of  water  in  a  cubic  foot  of  air  at  the  time  of  the  observation. 

k  should  be  mentioned  that  the  standard  scales  furnished  to  Mr.  Adie  of  London, 
the  maker  of  the  instrument,  were  divided  at  Kew  by  myself,  with  the  aid  of  a 
dividing  engine  constructed  by  M.  Perreaox  of  Paris. 


CHEMISTRY. 


On  ihe  Produeis  qfihe  AoUm  nf  Heat  on  Animal  Subikmces. 
By  T.  Anderson,  ilf.2>. 

Da.  Anderson,  having  discovered  picoline  in  coal'tar,  was  led  to  investigate  the  well- 
known  and  peculiar  foetid  oil  called  bone-oil,  and,  to  obtain  the  best  results,  operated 
in  the  last  experiment  upon  250  gallons  of  the  distilled  bone-oil,  and  discovered  at 
least  three  different  series  of  bases  in  the  oil.  In  the  first  he  had  established  the 
existence  of  the  bodies  called  methylamine,  ethylamine,  butylamine,  petinine,  and 
probably  others ;  in  the  second  series,  picoline,  and  other  bodies  of  which  it  is  the 
type.  The  third  series  is  verv  remarkable,  and  ail  the  members  of  it  are  characterized 
by  decomposing  by  heat  and  excess  of  acid  into  bases  of  the  picoline  series,  and  a 
remarkab^  and  peculiar  red  or  orange-coloured  resinpus  substance.  This  extensive 
investigation  was  not  vet  conoluded ;  but  the  oil,  besides  these  bases,  contained  ben* 
zole  and  the  nitriles  of  some  of  the  fatty  adds. 
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On  a  Diamond  Slab  supposed  io  have  been  cut  from  the  Koh-uNoor^ 
By  Dr.  Bekb. 

In  the  year  1832,  the  Persian  army,  under  Abbas  Meerza,  hereditary  prince  oF 
Persia,  undertook  the  subjugation  of  Khorassan,  which  province,  though  nominally 
forming  a  portion  of  the  Persian  empire,  had  been  virtually  independent  since  the 
deatli  of  the  great  Nadir  Shah,  in  the  year  1747.  The  success  of  the  campaign  was 
complete.  The  important  fortresses  of  Ameerabad  and  Coochan  were  besieged  and 
taken,  and  the  other  strongholds  of  the  Toorkonians  destroyed ;  and  the  Persian  sway 
was  entirely  re-established. 

At  the  capture  of  Coochan,  there  was  found  among  the  jewels  of  the  Harem  <^ 
Reeza  Kooli  Khan,  the  chief  of  that  place,  a  large  diamond  slab,  supposed  to  Iiave 
been  cut  from  one  side  of  the  Koh-i-Noor,  the  great  Indian  diamond  now  in  the  {hjc- 
session  of  Her  Majesty.  It  weighed  about  130  carats,  showed  the  marks  of  cutting' 
on  the  flat  and  largest  side,  and  appeared  to  correspond  in  size  with  the  Koh-i-Noor. 

The  only  particulars  that  could  be  obtained  respecting  the  past  history  of  this  stone 
were,  that  it  had  been  taken  from  a  poor  man,  a  native  of  Khorassan,  in  whose  fomflj 
it  had  served  for  striking  light  against  a  steel,  in  theplace  of  a  flint ;  and  one  aide 
of  it  was,  in  fact,  a  good  deal  worn  by  constant  use.  Tne  diamond  was  presented  by 
Abbas  Meerza  to  his  father,  Futteh  Ali  Shah,  and  is  presumed  to  be  now  among*  the 
.  crown  jewels  of  Persia.  The  Armenian  jewellers  of  Tehraun  asked  the  sum  of  20,000 
tomauns  (16,000/.  sterling)  for  cutting  it ;  but  the  Shah  was  not  inclined  to  incur  this 
expense. 

The  foregoing  particulars  were  furnished  to  Dr.  Beke  by  his  brother  Mr.  William 
G.  Beke,  late  Colonel  of  Engineers  in  the  Persian  service,  who  took  part  in  the 
Khorassan  campaign.  

On  the  Cause  which  maintains  Bodies  in  the  spheroidal  state  beyotid  the 
sphere  of  Physico-chemical  Activity.    By  M.  Boutiont. 

The  author  referred  to  his  former  and  well-known  experiments  on  the  peculiar 
state  induced  in  liquids  when  in  contact  with  any  hot  metals,  and  regretted  he  had 
not  the  means  for  exhibiting  the  experiments,  as  they  required  apparatus  he  had  not 
at  command  in  the  Section,  such  as  for  the  application  of  the  spheroidal  state  of 
water  to  the  purposes  of  the  steam-engine.  He  referred  to  the  experiments  first 
shown  at  Cambridge,  and  their  extension  since,  to  explain  some  of  the  eflects  of  ancient 
oracles.  Alluding  to  the  disputed  points  in  the  explanation  of  his  experiments  as  to 
the  repulsion  of  metals  and  fluids,  and  whether  the  effects  were  really  entirely  or  not 
to  be  attributed  to  the  properties  of  the  thin  stratum  of  vapour.  Prof.  Boutigny  pro* 
ceeded  to  show  by  experiment  that  when  platina  wire  was  coiled  up  in  the  form  of  a 
flat  spiral  and  made  hot,  and  sBther  or  alcohol  fluid  placed  on  it  in  the  spheroidal  state^ 
the  liquid  would  not  pass  through  between  the  spaces,  while  thevapour  readily  did  so** 


On  the  Dangers  of  the  Mercurial  Vapours  in  the  Daguerreotype  Process^ 
and  the  means  to  obviate  the  same.    By  A.  Claudet. 

In  practice  it  is  found  that  in  that  process  where  heat  and  mercury  are  required  to 
brin^  out  the  image,  so  much  vapour  of  mercury  was  produced  as  seriously  to  afiect 
the  health  of  the  operators.  M.  Claudet  described  the  means  of  protection. — ^The 
mercury  apparatus  is  enclosed  in  a  closet  of  iron  placed  outside  the  room  through  the 
wall,  and  having  two  sliding  glass  shutters  communicating  with  the  room.  These 
shutters  being  constantly  kept  shut,  and  the  iron  closet  being  supplied  with  pipes  at 
the  top,  and  with  two  large  iron  shutters  placed  one  on  each  side,  all  the  vapours  of 
mercury  are  immediately  can-ied  out  or  condensed.  The  mercury  box  is  placed  on 
a  water-bath,  heated  by  a  gas  burner.    The  supply  of  water  to  the  boiler  and  of  gas 

*  The  members  of  the  Chemical  Section  had  the  opportunity  of  seeing  M.  Boutigny  pass  hli 
hand  through  a  stream  of  liquid  red-hot  iron  as  it  passed  from  the  furnace  at  the  works  of 
Messrs.  Ransome  and  May,  and  afterwards  scooping  out  portions  of  iron  from  the  casting 
ladle,  until  the  fluid  sunk  to  the  mere  red-hot  fluid  state,  when  danger  might  be  apprehended 
from  the  falling  of  the  temperature  causing  the  iron  to  adhere. 
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to  the  bnrner  is  regulated  by  two  pipes,  the  cocks  of  which  can  he  opened  and  shut 
from  the  room  as  well  as  the  two  outside  shutters,  without  opening  the  sliding  win- 
dows m  front.  When  the  operator  has  to  put  the  plates  in  the  mercury  hox  or  to 
take  them  out,  he  has  only  to  stop  the  external  light  by  shutting  the  two  outside 
iron  shutters  and  to  open  the  inside  glass  shutters.  The  iron  closet  is  then  perfectly 
free  from  mercurial  vapour,  and  during  the  short  time  necessary  for  placing  and  re- 
moving the  plates  no  vapour  can  escape  in  the  room. 

On  the  Use  (fa  Polygon  to  ascertain  the  Intensity  of  the  Light  at  different 
angles  in  the  Photographic  Room.  By  A.  Claudet. 
This  was  of  white>coloured  wood ;  and  enabled  the  operator  to  ascertain  by  the 
appearance  of  the  difterent  faceU  when  Daguerreotyped,  the  strength  of  light  and 
shade  from  different  parts  of  the  room,  and  so  to  place  the  sitter  in  the  best  positions, 
and  regulate  the  light  with  shades  and  screens,  according  to  the  effect  produced  on 
the  facets.  

On  Agricultural  Chemistry,  espedaUy  in  relation  to  the  Mineral  Theory  af 
Baron  Liebig.    By  J.  B.  Lawes  and  Dr.  J,  H.  Gilbert. 

Mr.  Pusey  had,  in  a  recent  article  in  the  Journal  of  the  Royal  Agricultural  Society 
of  England,  on  the  progress  of  agriculture  during  the  last  eight  years,  quoted  the 
experiments  of  Mr.  Lawes  and  Dr.  Gilbert  as  being  conclusive  against  the  "  Mineral 
Theory"  of  Baron  Liebig,  which  asserts  that  the  crops  on  the  farm  rise  and  fall  accord- 
ing to  the  supply  within  the  soil  of  the  mineral  consdtuents  indicated  by  an  analysis 
of  the  ashes  of  the  plant.  To  these  observations  of  Mr.  Pusey,  Baron  Liebig  had  re- 
plied at  some  leneth  in  the  new  edition  of  his  *  Letters  on  Chemistry',  just  published, 
and  in  doing  so,  has  asserted  that  the  experiments  alluded  to  are  entirely  devoid  of 
value,  as  the  foundation  for  general  conclusions,  and  that  the  statements  of  the  au- 
thors could  only  be  made  in  ignorance  of  the  rationale  of  agricultural  practices  on  the 
Uuge  scale. 

The  authors  have  therefore  given  in  the  present  paper  an  outline  of  their  investi- 

Sitions  in  agricultural  chemistry,  comprising  an  extensive  series  of  experiments  in 
e  field  on  the  growth  of  the  principal  crops,  entering  into  a  rotation ;  upon  the 
chemistry  of  the  feeding  of  animals ;  and  upon  tliat  of  the  functional  actions  of  plants 
generally,  in  relation  to  the  soil  and  atmosphere.  And  in  connexion  with  all  these 
branches  much  laboratory  labour  has  constantly  been  in  progress  since  the  commence* 
ment  of  the  experiments  themselves  in  1843.  The  results  selected  by  Mr.  Lawes 
and  Dr.  Gilbert  in  justification  and  illustration  of  their  views,  were  those  of  the  field 
experiments  on  wheat ;  which  had  been  grown  continuoutkf  on  a  previously  exhausted 
soil  for  the  last  eight  years,  and  in  each  season,  by  means  of  many  chemical  manures 
by  the  side  always  of  one  or  more  plots  unmanured,  and  one  manured  continuously 
by  farm-yard  manure.  Some  of  the  results  thus  obtained  were  illustrated  by  a  dia- 
gram, from  which  it  appeared  that  mineral  tnanurei  had  scarcely  increased  the  nro- 
auce  at  all  when  used  alone ;  whilst  the  effects  of  ammoniacal  salts  were  very  marked^ 
even  when  repeated  year  after  year  on  the  same  space  of  ground  from  which  the  en- 
tire crop  (corn  and  straw)  had  been  removed.  Indeed,  in  this  way  a  produce  had  been 
obtained  even  in  the  sixUi  and  seventh  successive  years  of  the  experiment,  exceeding 
by  nearly  two-thirds  that  from  the  unmanured  plot.  It  was  thus  shown,  that  the 
mineral  constituents  of  the  soil  continued  to  be  in  excess,  relatively  to  the  nitrogen 
available  for  them  from  natural  sources.  The  history  of  several  plots  was  then  traced 
down  to  the  last  harvest  (1850),  and  it  was  argued  that  the  statement  assailed  by 
Liebig,  viz.  that  ammonia  was  especially  adapted  as  a  manure  for  wheat,  was  fully 
borne  out  when  speaking  of  agriculture  as  generally  practised  in  Great  Britain ;  in 
other  words,  that  m  practice  it  was  the  defect  of  nitrogen  rather  than  of  the  mineral 
constituents  that  fixed  the  limit  to  our  produce  of  corn. 

The  authors  next  called  attention  to  the  fact  of  the  exhalation  of  nitrogen  by  growing 
plants,  as  proved  by  the  experiments  of  De  Saussure,  Daubeny  and  Draper,  and  they 
referred  to  some  experiments  of  their  own,  with  the  view  of  showing  the  probability 
that  there  is  more  of  tlie  nitrogen  derived  from  manure  given  off  during  the  growth 
of  cereal  grains,  than  of  leguminous  and  other  crops ;  and  hence  might  be  explained 
the  great  demand  for  nitrogenous  maimres  observed  in  the  growth  of  grain.    The 
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ftutbon  suggested  that  here  was  an  important  field  of  study,  and  that  vre  hMwe  in  tb« 
facts  alluded  to,  much  that  should  lead  us  to  suppose,  that  the  success  of  a  rotatiosi  of 
crops  depends  on  the  degree  in  which  the  restoration  of  the  balance  of  the  otyamim 
constituents  of  crops  was  attained  by  its  means  rather  than  on  that  of  their  minerai 
constituents  according  to  the  theory  of  Liebig ;  whilst  the  means  adopted  to  aecore 
the  former  were  always  attended  with  a  sufficient  supnly  of  the  latter.    Again,  Pro* 
fessor  Liebig  had  quoted  the  processes  of  fallowing  and  liming,  as  being  in  their  known 
results  inconsistent  with  the  views  of  Mr.  Lawes  and  Dr.  Gilbert ;  but  these  gentlemen 
^  considered  that  the  experiments  of  Mulder,  and  especially  of  Mr.  Way  on  the  proper- 
ties of  soils,  justified  them  in  supposing  that  the  process  of  fallowing  and  even  that  of 
liming  also  owed  its  efficacy,  more  to  the  accumulation  of  nitrogen  in  the  soii  from. 
natural  sources,  than  to  that  of  available  mineral  constituents:  the  Utter  did,  howerer, 
undoubtedly  thus  accumulate  by  these  processes,  and  this  fact  should  give  moro  eon* 
fidence  in  views,  which  on  independent  evidence  supposed,  that  they  were  not  so  emnij 
liable  to  be  found  in  defect  in  relation  to  other  necessary  supplies. 

It  was  next  shown,  by  reference  to  what  happens  in  actual  practice,  as  gBneralljr 
followed  in  Great  Britain,  that  where  com  and  meat  constitute  almost  the  exclnsive 
exports  of  the  farm,  the  mineral  constituents  of  the  crops,  taken  collectiTel/y  that  is, 
as  shown  by  the  analysis  of  their  ashes,  could  not  be  considered  as  exhausted.    Indeed 
Baron  Liebig  himself  states  that  farm-yard  manure  was  the  universal  food  of  plants. 
And  the  authors  would  draw  attention  to  the  fact,  that  the  practice  of  agriculture  here 
supposed  necessitated  the  production  of  this  manure,  by  means  of  which  it  was  that  so 
large  a  proportion  of  the  muieral  elements  of  the  crops  raised  upon  the  land  were,  in  due 
time,  restored  to  it.    All  our  calculations  therefore  should  be  made  on  a  full  considera- 
tion of  what  was  involved  in  the  use  of  farm-yard  manure.    This  was  however  not 
generally  sufficiently  borne  in  mind  by  chemists  unconnected  with  practical  agricul- 
ture ;  and  to  this  cause  might  in  great  part  be  attributed  the  reiterated  recommenda- 
tions to  imitate  in  artificial  manures  the  composition  of  the  ashes  of  the  plants  to  be 
erown.     Of  the  mineral  constituents  however,  phosphoric  acid  would  be  lost  to  the 
farm  (by  the  sales  of  corn  and  meat)  in  much  larger  proportion  than  the  alkalies, 
whilst  the  latter  would  generally,  by  the  combined  agencies  of  disintegration  of  the 
native  soil  and  import  in  cattle  food,  be  liable  to  diminution  in  but  a  very  insignificant 
deeree,  if  not  in  some  cases  to  accumulation.     Practical  agriculture  had,  indeed,  de- 
cided that  phosphoric  acid  must  in  most  cases  be  returned  to  the  land  fVom  sources 
external  to  the  farm  itself,  viz.  by  bones,  guano  or  other  means ;  while,  on  the  other 
hand,  artificial  alkaline  manures  had  generally  been  found  to  fail  in  efiect. 

Indeed,  taking  into  careful  consideration  the  tendency  of  all  experience  in  practical 
i^culture,  as  well  as  the  collective  results  of  a  most  laborious  experimental  investiga- 
tion of  the  subject,  both  in  the  field  and  in  the  laboratory,  it  was  the  deliberate  opi- 
nion of  the  authors  that  the  analysis  of  the  crop  was  no  direct  guide  whatever  as  to  toe 
nature  of  the  manure  required  to  be  provided  in  the  ordinary  course  of  a^cultore,  finom 
sources  extraneous  to  the  home  manures  of  the  farm,  that  is  to  say,  by  artificial  manures. 

In  conclusion,  then,  if  the  theory  of  Baron  Liebig  simply  implied  that  the  growing 
plant  must  have  within  its  reach  a  sufficiency  of  the  mineral  constituents  of  whi^ 
It  is  to  be  built  up,  the  authors  fully  and  entirely  assented  to  so  evident  a  truism : 
but  if,  on  the  other  hand,  be  would  have  it  understood,  that,  in  the  ordinary  course  of 
agriculture  in  Great  Britain,  it  is  of  the  mineral  constituents  as  would  be  cotlectivdg 
found  in  the  ashes  of  the  exported  produce  that  our  soils  became  deficient,  relatively 
to  other  constituents,  they  dia  not  hesitate  to  say  that  every  fact  with  which  they  were 
acquainted  in  relatiou  to  this  point  was  unfavourable  to  such  a  view.  On  the  con- 
trary, they  believed  that  nitrogen  was  the  constituent  most  exhausted  relatively  to 
other  constituents;  at  any  rate,  it  was  certain  that  (or  wheals  of  all  our  crops,  no  sup- 
ply of  minerals,  phosphates,  &o.  to  the  fields  of  Great  Britain,  would  enable  it  to 
I*  obtain  a  sufficient  supply  of  ammonia  from  the  atmosphere;"  and  indeed^  that  any 
increased  produce  of  it,  such  as  British  apiculture  (itself  so  artificial)  demands,  could 
not  be  obtained  independently  of  an  artificial  accumulation  of  nitrosen  within  the  soit. 
If,  however,  a  cheap  source  of  ammonia  were  at  command,  the  available  mineral  con- 
stituents might  in  their  turn  become  exhausted  by  its  excessive  use.  Of  those  crops 
of  rotation,  on  the  other  hand,  where  the  effect  of  mineral  manures  uhu  charactetu- 
ticallv  to  increase  the  assimilation  of  uitroffen  from  atmospheric  sources,  and  by  virtue 
of  which  property  they  indeed  become  subservient  to  the  increased  growth  of  grain, 
the  apparent  demand  for  those  substances,  was  not  only  generally,  not  such  m  kind. 
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as  would  be  indicftted  by  an  analysis  of  their  ashes,  but  it  was  frequently  much  greater 
at  io  jfttan/t/y,  than  could  be  accounted  for  by  any  idea  of  merely  supplying  what  was 
to  become  an  actual  constituent  of  the  crop. 

If  then  we  would  attain  by  the  aid  of  science  a  rational  system  of  agriculture,  the 
actual  facts  of  the  art  itself,-^the  indications  of  direct  experiments  in  the  field, — and 
the  study  of  the  functional  actions  of  plants  and  animals,  must  each  receive  a  due  share 
of  our  attention.    In  fact,  chemistry  alone  would  do  little  for  practical  agriculture* 

On  Liquid  Diffngion.    By  Profeasor  Thomas  Graham,  Mji,,  F.R.S., 

Professor  Graham  gare  a  view  of  some  of  the  unpublished  results,  to  ascertain 
whether  solutions  of  saline  bodies  had  a  power  of  difiusion  amonf  liquids,  especially 
water.  The  apparatus  may  be  stated  to  he  a  bottle  with  ground  edges,  to  be  filled 
with  a  weak  solution  of  the  saline  matter  (and  closed  by  a  plate  of  glass),  and  placed 
at  the  bottom  of  a  glass  vessel  of  water,  care  being  taken  to  keep  the  temperature 
constant.  Then,  taking  a  salt  of  double  base,  such  as  the  tartrate  of  potassa  and  soda, 
if  it  had  the  power  of  dlfiusing  itself  in  the  water  around,  he  was  enabled,  by  con- 
verting these  bases  into  chlorides,  to  ascertain  if  their  difiHision  was  unequal,  or  a 
decomposition  might  be  effected,  as  the  manner  of  solution  of  some  substances  is  known 
to  cause  this  kind  of  unequal  decomposition.  Taking  common  salt  as  a  difiiisate,  and 
ascertaining  the  quantity  of  chlor-silver  to  be  obtained  after  a  given  time,  he  added 
one  percent,  of  the  acids  sulphuric,  muriatic,  nitric,  oxalic,  and  thus  ascertained  how 
fkt  these  facilitated  the  difmsion  of  the  substance  or  the  decomposition  of  it ;  thus 
chloride  of  sodium  alone  yielded  7*65  of  muriatic  acid  ;  but  add  one  per  cent  of  nitric 
acid,  and  J  0*99  could  be  obtained  under  the  same  conditions,  and  proving  the  decom* 
position  of  the  salt  To  forward  the  analysis  of  bodies  in  complicated  mixtures,  and 
to  elucidate  phvsioloffical  views,  he  had  experimented  with  the  weaker  acids,  tartaric 
and  oxalic  acids,  ana  as  muriatic  acid  was  found  free  in  the  human  stomach,  he  had 
tried  lactic  acid ;  but  evaporated  by  heat  lactic  acid  does  not  decompose  common  salt;  by 
the  aid  of  this  new  form  lactic  acid  is  seen  to  possess  the  power  in  aqueous  solutions. 

Prof.  Graham  states,  the  obvious  objections  to  the  plan  of  usefully  employing  the 
difihsive  power  of  bodies  arose  from  the  time  required,  and  the  difficulty  m  ordmary 
methods  of  avoidinff  alterations  of  heat ;  as  temperature  increased,  it  shortened  the 
number  of  hours,  and  he  employed  the  water-bath  at  steady  temperatures  and  periods  of 
seventy-two  hours  to  determine  the  results.  Common  sut,  having  a  certain  difiusion 
at  50®,  had  this  doubled  at  110°,  increasing  equally  for  each  50°  to  160<»and  240^ 
when  a  quantity  of  four  times  the  muriatic  acid  was  obtained  to  that,  at  the  temperar 
tore  of  50°.  ..«^-— 

On  some  Theoretical  and  Practical  Methods  rf  determining  the  Calorific  Effi* 
ciencies  of  Coals.    By  Prof.  W.  R.  Johnson,  of  Wdshinytony  U.S. 

Several  series  of  experiments  have  been  made  for  the  purpose  of  ascertaining  the 
relative  values  of  eoals : — 

Pint,  the  series  performed  by  the  writer  of  these  remarks  in  the  year  1S43,  and 

Kblished  in  1844  at  Washington ;  second,  that  of  Sir  H.  T.  Dela  Beche  and  Dr.  Lyon 
ayfair  of  London,  prosecuted  in  1 845, 1846  and  1847,  and  published  in  1848 ;  third, 
that  of  the  same  experiment  published  in  1 849 ;  and  fourth,  the  series  detailed  in  their 
final  report  of  the  present  year.  The  first  of  the  series  embraces  direct  trials  of  eva- 
porative power  of  forty  varieties  of  coal,  the  second  of  twenty-seven,  the  third  of  thirty- 
eight,  and  the  fourth  of  fbr^-three ;  hence  we  have  the  means  of  comparing  the  prao- 
tiMl  evaporative  power  with  the  results  of  analysis  in  the  case  of  one  hundred  and 
fortv-seven  different  samples  of  coal,  varying  in  their  composition  from  the  hardest 
anthracites,  throoffh  the  softer  varieties  of  the  same,  and  through  semi-bituminout 
ooal^  to  those  of  die  most  highly  bituminous  class.  We  have  also  in  the  series  coala 
varying  much  in  the  amount  of  their  earthy  or  incombustible  ingredients,  as.well  aa  in 
that  ra  their  sulphur,  water  and  ammoniacal  compounds. 

It  may  be  proper  to  examine  whether  we  have  yet  attained  to  any  law  of  relation 
between  the  actual  and  the  computed  heating  powers,  or  whether  it  be  still  necessary 
to  have  recourse  to  the  steam-boiler  itself  to  determine  the  efficiency  of  any  new 
varie^  of  coals.  The  Commisaioners  at  London  have  expressed  the  opinion  that  the 
element  Jlydhiymi  excrdaes  in  the  case  of  the  Newcastle  coala  "  a  very  essential  import 
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ance  in  their  beating  powers,  and  must  not  be  neglected  in  comparing  the  analytical 
with  the  economic  results."  How  this  conclusion  is  to  be  justified  from  the  data 
afforded,  either  by  the  comparison  of  Newcastle  coals  among  themselves,  or  bj  a  com- 
parison of  them  with  the  coals  of  Wales  with  which  those  of  Newcastle  are  supposed 
to  compare  the  more  favourably,  in  consideration  of  their  containing  a  higher  per- 
centage of  hydrogen,  it  seems  not  easy  to  conceive.  In  fact,  whether  we  compare  the 
eighteen  Newcastle  coals  among  themselves,  or  the  thirty-six  Welsh  coals  among  them- 
selves, or  whether  we  compare  the  whole  of  the  Welsh  with  the  whole  of  the  New- 
castle series,  we  find  that  tlie  higher  evaporative  efficiency  is  in  neither  case  indicated 
by  a  higher  per-centage  of  the  hydrogen  element. 

The  ?irst  nine  of  the  Newcastle  coals  (Table  3,  p.  5,  3rd  Report)  have  an  average 
evaporative  power  of  8*63  ;  the  last  nine  have  7*38 ;  while  the  average  hydrogen  of 
the  two  sets  of  nine  is  in  each  case  precisely  the  same,  namely,  5*31  percent. 

It  therefore  appears  that  the  hydrogen  element  could  have  exercised  no  influeoce 
on  the  relative  neating  powers  of  the  two  halves  of  the  Newcastle  series.  Bot  the 
carbon  element  in  the  first  half  of  the  series  is  greater  than  in  the  last  half^  in  the 
proportion  of  82-69  to  81-35. 

The  first  eighteen  of  the  Welsh  series  gave  an  average  evaporative  power  of  9-74, 
and  the  second  eighteen  an  average  of  8*50 ;  the  average  per-centage  of  hydrogen  in 
the  first  eighteen  being  4*64,  and  in  the  second  eighteen  4*97 ;  in  other  words,  the 
lowft  heating  power  belongs  in  this  case  to  those  coals  which  have  the  greater  pro- 
portion of  hydrogen.  If  "  the  hydrogen  has  exercised  a  very  essential  importance^*' 
It  has  certamly  done  it  by  diminishing^  not  by  augmenting,  the  evaporative  powo*. 
How  stands  the  case  when  we  compare  the  carbon  element  with  the  evaporative  power  ? 
The  first  eighteen  give  carbon  87*14  and  the  second  80*71 .  Arranging  the  seta  in  the 
order  of  evaporative  powers,  we  have — 


Steam. 

Percent,  of  Carbon. 

Per  cent,  of  Hydrogen. 

First  eighteen  Welsh  coals... 
Second  eighteen  Welsh  coals 
First  nine  Newcastle  coals... 
Second  nine  Newcastle  coals 

9-74 
8-60 
8*63 
7-38 

87-18 
80*71 
82-69 
81-35 

4-64 
4-97 
5-31 
5-31 

If,  instead  of  the  mode  of  comparison  just  given,  we  take  the  three  entire  series  of 
British  experiments  as  presented  in  the  three  reports  respectivelv,  and  select  from  each 
the  six  highest  results  in  evaporative  power,  and  also  tlie  six  lowest,  and  then  com- 
pare those  results  witli  the  respective  per-centages  of  carbon  and  of  hydrogen,  we  have 
the  following  averages : — 


lb. 

Cubon  per  cent. 

H  jdix>gen  per  eent. 

Of  the  first  series,  the  six  highest  \ 

10-59 

84-89 

4-42 

Of  the  first  series  the  six  lowest 

7-72 

77-72 

5-26 

Of  the  second  series  the  six  highest... 

10-51 

88*65 

4-29 

Of  the  second  series  the  six  lowest ... 

M4 

78-44 

5-33 

Of  the  third  series  the  six  highest  ... 

9-90 

85-92 

4-65 

Of  the  third  series  the  six  lowest 

7-09 

77-11 

4-94 

In  the  American  series  it  had  been  shown,  by  comparing  the  results  of  ultimate  ans" 
lysis  on  six  varieties  of  coal  with  the  calorific  power  expended  both  on  the  water  of 
the  boiler,  and  on  the  gaseous  and  vaporous  products  of  combustion,  that,  in  those 
cases  at  least,  there  was  a  perfect  correspondence  of  the  total  heating  power  with  the 
total  carbon  constituent  of  the  coal. 

Some  comparison  may  now  be  made  to  show  how  far  the  steam-eenerating  power 
of  the  coals  may  be  inferred  from  their  lead-reducing  power,  when  burned  in  contact 
with  litharge  according  to  the  method  of  Berthier.  As  all  the  American  coals  tried 
in  1843,  &s  well  as  all  the  British  coals  since  tried,  were  tested  in  this  way,  we  have 
for  the  purpose  of  this  comparison  fourfold  series  of  results  embracing  about  147  sam- 
ples of  coals«    Taking  the  six  highest  and  the  six  lowest  evaporative  results  of  each 
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vies  as  before,  the  following  numbers  on  wbich  the  comparison  may  be  mado  are 
obtained : — 


Weiffhfaiof 
Steam. 

WeightaofLMd 
reduced. 

1.  The  Ameriou.  series  of  1844  {fjfj'S 

2.  The  first  British  series.  1848  {  fj^^'^^J^, 
3.ThesecondBridd,«»ries.l849{K,7j?jf„ 
4.  The  third  British  series,  1851  {fjg^f jj^ 

10-18 
7-55 

10-59 
7-72 

10-51 
7-14 
9-90 
7-09 

30-03 

25-76 

31-0 

26-7 

33-7 

26-2 

32-16 

27-1 

Assuming,  for  tbe  purpose  of  comparison,  that  the  highest  evaporative  power  in  each 
of  the  four  series  was  truly  represented  by  the  lead-reducing  power  of  the  same  coals, 
and  supposing  that  the  evaporative  powers  of  the  six  lowest  of  the  series  were  to  be  eal^ 
cuhtea  from  their  reductive  powers,  we  should  obtain  the  following  proportions :— -> 

1.  The  American  series  30*03     :     10-18    :  :    25*76    :    8*73 

(=  calculated  steam  power) •••...• ..•    7*55 

2.  The  first  British  ditto  31*0       :     10*59     ::    26*7      :     9*12 

(=  calculated  steam  power)..  •• 9*72 

3.  Second  ditto,  33*7      :     10*51     :  :     26*2      :     8*88 

(=  calculated  steam  power) 7*14 

4.  Third  ditto,  321  9-90    :  :     27*1       :    8*24 

(=  calculated  steam  power) 7*09 

Hence  it  appears  that  in  attempting  to  compute  the  evaporative  power  of  coals  which 
gave  the  lowest  results  from  their  lead-reducing  power,  as  compared  with  tliat  of  coals 
fiving  the  highest  evaporative  action,  we  obtain  in  every  one  of  the  four  cases  num- 
bers largely  exceeding  the  practical  results  from  the  steam-boiler :— 

Galea-      Kneii*       nim 

lated.      mmtel.       '^'* 
The  first  comparison  gives...  8*73  —  7*55  =  1*13  =s  15*31  .  , 

The  second  comparison  gives  9*12  -  7*72  =  1-40  =  18*2  I  Pf' cent  excess  above 
The  third  companson  gives  8*88  -  7*14  =  1-74  =  24*3  f  t«>e  experimental  re- 
The  fourth  comparison  gives  8*24  —  7*09  =  1*15  =s  16*0  J    •"''• 

^  From  this  it  should  seem  that  in  applying  Berthier's  test  as  a  standard  of  comj»a« 
rison,  we  are  liable  to  over-estimate  the  evaporative  power  of  the  coals  of  high  bita« 
minottsness  (containing  much  hydrogen),  and  that  the  excess  may,  in  extreme  caseSg 
amount  to  from  16  to  24  per  cent,  of  their  practical  efficiency.  It  is  not^  however, 
to  be  inferred  that  the  series  of  analyses  by  this  method  is  without  practical  value. 
Having  so  wide  a  range  in  the  constitution  of  coals  with  corresponding  reductive  and 
evaporative  powers  already  determined,  we  may  readily  intercalate  any  new  variety 
of  coal  analysed  and  tested  by  litharge,  and  thence  deduce  its  approximate  evapora- 
tive power,  subject,  of  course,  only  to  that  degree  of  uncertainty  which  results  from 
a  want  of  perfect  conformity  in  constituent  elements  with  the  coals  placed  nearest  to 
it  in  the  order  of  reductive  powers.  When  both  proximate  and  ultimate  analyses 
■how  a  good  degree  of  coincidence  with  any  coal  already  tested  under  the  steam- 
boiler,  and  tbe  lead-reducing  power  of  the  new  variety  auo  corresponds  nearlv  with 
the  mean  of  those  above  and  below  it  in  the  scale,  there  seems  to  be  little  doubt  that 
its  evaporative  power  will  also  form  a  corresponding  term  in  the  series  of  calorifiq 
efficiencies. 

It  is  generally  known  that  several  chemists  have  pronosed  ihejlxed  carbon  of  coals, 
or  thst  remaining  in  their  cokes,  as  a  standard  by  whicn  to  estimate  their  evaporative 
powers.  This  method  is  subject  to  the  objection  that  the  weight  of  coke  itself  and 
consequently  the  weight  of  its  fixed  carbon,  is  liable  to  vary  within  certain  limits,  with 
the  rate  of  distillation,  that  is,  with  the  rapidity  of  the  coking  process.  In  many 
highly  bitaminous  coals  the  sudden  application  of  an  intense  heat  will  expel,  in  the 

1851.  *   r-       I 
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fonn  of  volatile  matter,  from  2  to  4  or  5  per  cent  more  of  the  weight  of  ooal  tluai  m 
moderate  or  slow  application  of  heat  wouJd  do. 

The  four  series  of  experiments  afibrd  the  following  comparison  between  the  lugfaetf 
and  the  lowest  six  results  in  heating  power,  as  related  to  the  fixed  carbon  in  the 
several  coals :— 


petoBat,ci 

KndCnim 
pereent.of 
Imrtilz. 

Steam  of 

UghMtU. 

SCnmofkywcitBZ. 

A. 

ByaperimeDt. 

B. 

American  series... 
1st  British 

79-96 
74-94 
81-62 
73-16 

56-86 
50-73 
51-80 
50-04 

10-18 

10-59 

10-51 

9-90 

7-55 
7-72 
7-14 
708 

7-24 
7-16 

6-77 

2t]d  British    

3rd  British 

It  is  here  evident  diat  calculation  gives  in  every  case  a  lower  result  than  experi- 
ment; indicating  that  coals  of  a  highly  bituminous  nature  will  be  under-estimated  in 
comparison  with  coals  of  low  bituminousness,  and  that  tbe  amount  of  this  underraln- 
ing  18  4*1  per  cent,  for  the  first,  7*2  for  the  second,  6*5  for  the  third,  and  4-5  lor  the 
fourth  series,  and,  on  an  average  of  the  whole,  5*5  per  cent,  of  the  entire  power  of 
those  weaker  coals. 

As  coals  of  high  bituminousness  yield  up,  together  with  their  hydrogen^  a  oosi- 
siderable  quantity  of  their  carbon  while  undergoing  the  ookinff  process,  it  is  apparent 
from  the  experiments  that  the  steam-generating  power  of  such  coals  is  dependent,  in 
a  small  degree  at  least,  upon  the  volatile  product  of  their  distillation ;  but,  aa  it  has 
already  been  shown  that  the  hydrogen  element  is  not  that  on  which  coals  depend  £ar 
this  power,  we  are  led  to  infer  that  it  is  the  volatiliaaUe  part  of  the  oarbon  which  in 
such  coals  makes  up  for  the  calculated  deficiency  of  the  nxed  carbon. 

Rejference  has  already  been  made  to  some  experiments  which  seem  to  demonstnte 
that  the  total  calorific  or  evaporative  efficiency  of  coals,  as  proved  by  direct  evapoW" 
tion  and  by  reducing  the  heat  expended  on  the  products  of  combustion  to  its  eq[aivaleBt 
evaporative  power,  is  proportional  to  the  total  amount  of  carbon. 

It  must  be  evident  that  either  in  a  sensible  or  in  a  latent  state  a  very  large  amoont 
of  caloric  must  pass  from  a  furnace  to  its  chimney.  By  an  examination  of  the  tem- 
perature and  composition  of  the  gaseous  and  vaporous  mixtures  sent  into  the  dimuiej 
during  the  combustion  of  different  varieties  of  coals,  our  experiments  in  America 
proved  that,  while  the  anthracites  seldom  expended  more  than  12 j  per  cent  id  thdr 
whole  heating  power  on  the  products  of  their  combustion,  the  highly  bituminous  dass 
expended  18,  20,  and  sometimes  as  hieh  as  24  per  cent,  in  tbe  same  way.  It  nuy 
consequentlv  happen  that  when,  as  in  the  British  experiments,  we  compare  the  caibon 
element  with  the  evaporative  power  expended  on  the  boiler  alone,  the  calculated  wiD 
exceed  tbe  experimental  result  in  the  highly  bituminous  coals.  The  highest  and  low- 
est sets  already  compared  give  the  following  average  percentage  of  carbon,  ^ ' 

Citboii. 
bi^cttnz. 
First  series 34*89 


Second  series., 
Third  series 


88-65 
84-92 


CuboD, 
lowest  ox. 
77-72 
78*44 
7711 


hicbestriz. 

10*59 

10*51 

9-90 


G>mpared  with  the  fixed  carbon  these  figures  show  that  the  coals  of  highest  eva- 
porative power  lost  by  coking  11-13  percent,  of  their  carbon,  and  those  of  lowest 
evaporative  power  34-6  per  cent.  They  also  show  that  the  calculated  exceeds  the  ex- 
perimental result  in  every  one  of  the  three  cases;  and  that  tbe  average  excess  is 27*3 
per  cent,  of  the  experimental  evaporative  power,  reckoned  from  the  quantity  of  stctM 
expelled  from  the  boiler. 

From  this  statement  it  follows  that  computations  founded  on  the  per^centage  of 
fixed  carbon  will  give  nearer  approximations  to  the  practical  action  of  coal  in  evapo- 
rating water  from  a  steam-boiler  than  either  of  the  other  meidiods;  and  that  the  error 
will  seldom  exceed  5  or  6  per  cent.  It  does  not,  however,  follow  that  the  dured  msB- 
ner  of  ascertaininff  the  economic  values  of  coals  can  be  dispensed  with.  So  rnanv 
questions  besidea  tnat  of  the  bare  evi^orative  power  merit  attentioii  in  selecting  oom 
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for  varioas  purpotet,  tbat  it  will,  I  conceive,  be  still  desirable  to  appeal  to  tbe  steam- 
Boiler  and  the  other  ezperimenta]  appliances  whenever  a  new  variety  of  coal  ofifers 
itself  for  adoption  in  the  market.        ....^_^ 

On  a  new  Method  of  oaniracting  the  Fibres  of  Calico,  and  of  obtaining  on 
the  Calico  thus  pnpared  Polours  cf  muck  brilliancy.  By  Mr.  Mkrcbb» 
(CommunicaiedbyDT.  Lton  Platfair,  P.IL8.) 

Dr.  Lyon  Playfair,  who  delivered  the  notice  of  this  subject,  said  that  Mr.  Mercer 
bad  his  attention  drawn  to  the  subject  by  experiments  made  as  early  as  1844.  Dr. 
Playfair  briefly  called  attention  to  the  states  of  water,  the  points  of  maximum  density 
so  well  known,  and  the  experiments  of  Mr.  Mercer,  who  found  that  above  this  point 
water  flowed  more  rapidly  through  a  syphon  than  at  the  same  number  of  degrees 
below  this  point  of  maximum  density.     He  then  spoke  of  the  theoretical  views  of 

Siose  chemists  who  look  upon  the  combined  water  as  in  the  state  of  ice,  or  free  from 
uidity.  Mr.  Mercer's  discovery  may  be  stated  in  few  words  to  be  this : — a  solution 
of  cold  but  caustic  soda  acts  peculiarly  upon  cotton-fibre,  immediatelv  causing  it  to 
^ntract ;  and  although  the  so^  can  be  readily  washed  out,  yet  the  fibre  has  under- 
^ne  a  change,  and  water  will  take  its  place  and  unite  with  the  fibre.  In  a  practical 
view  Mr.  Mercer  considered  that  the  fibre  mifht  be  considered  by  this  action  to  have 
a  sort  of  acid  property  to  unite  with  soda  and  then  with  other  bases.  The  effect  of 
the  condensation  was  said  to  be  one-fifth  to  one-third  of  the  total  volume  of  cotton 
employed.  Dr.  Playfiur  then  showed  some  proofs  of  the  influence  of  this  new  process 
upon  our  cotton  manufactures ;  thus,  taking  a  cosrse  cotton  fabric  and  acting  upon  it 
by  the  proper  solution  of  caustic  soda,  this  could  be  made  much  finer  in  appearance ; 
and  if  the  finest  calico  made  in  England,  known  as  180  picks  to  the  web,  was  thus 
icted  upon,  it  immediately  appeared  as  fine  as  260  picks..  Stockings  of  open  weaving 
were  shown,  and  the  condensation  process  made  them  appear  as  of  much  finer  texture. 
The  effect  of  this  alteration  of  texture  was  most  strikingly  shown  by  colours.  The 
pink  cotton  velvet  had  its  tint  deepened  to  an  intense  degree  by  the  condensation  ^ro* 
oess.  Printed  calico,  especially  with  colours  hitherto  applied  with  little  satisfaction, 
at  lilac,  had  strengtn  ana  Inilliancy,  besides  thus  producing  fisbrics  cheaply  finer  than 
can  possibly  be  woven  by  hand.  The  effisct  was  shown  of  patterns  oeing  formed 
by  portions  of  a  surface  being  protected  by  gum  from  condensation.  Thus  patterns 
of  apparently  fine  work  can  easily  be  produced.  It  was  stated  that  the  fabrics  by  this 
process  have  much  strength  given  them ;  for  a  string  of  calico  one-half  condensed  by 
caustic  soda  will  break  by  20  oc.,  while  the  unacted  upon  string  of  cotton  broke  with 
13  ox.  «.«««^ 

On  the  Action  of  Superheated  Steam  upon  Organic  Bodies. 
By  Professor  £•  A.  Scharling,  of  Copenhagen. 

This  eommunicalian  was  read  by  Dr.  T.  AnderMm,  who  exhibited  a  diawing  aC 
afiparatus  employed.  _ 

On  Oambogic  Acid  and  the  GambogiateSf  and  their  use  in  Artistic  Pointing. 

By  Dr.  Scoffern. 

The  author  deseribed  gamboge  as  a  gum-resin,  and  stated  that  some  years  since 
ha  had  proposed  the  use  of  a  preparation  of  it  finr  oil-painting.  For  this  purpose  ha 
bad  employed  methods  to  get  rid  of  the  Rum.  To  obtain  the  gambogic  acid,  he  re- 
eoaimendcid  ether  to  be  employed;  tne  colouring  matter  is  dissolved,  and  by 
distillation  the  ether  is  given  on ;  the  last  portions,  however,  are  retaiaed  with  so 
much  force  that  a  tempentnre  of  230°  or  2¥P  is  obtained,  and  this  would  destroy  the 
colour,  unless  water  was  emj^ved  with  the  ether.  About  one-twentieth  of  water  was 
pTevionriy  added  to  the  etherial  solution 4>f  the  pigment,  or  gambogic  acid.  The  ^am* 
Dogiates  of  ihne  and  other  bases  were  under  exanunation ;  the  gambogiate  of  iron, 
however,  produced  a  rich  brown,  like  asphaltum,  but  capable  of  more  richness  and 
certainty  m  oil : — ^firom  the  trials  made,  the  yellow  and  brown  seemed  to  be  permanent 
eokmrs,  havfa^  vsefid  properties  as  oil-ooloiirB.  Dr.  Soofiam  also  thought  tney  mjght 
be  useAiDy  anpioyad  in  frsioo. 
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On  Sulphuric  Acid  in  the  Air  and  Water  of  Towne. 
By  Dr.  R.  Angus  Smith. 
The  experiments  and  observations  were  generally  directed  to  the  existenee  and 
quantity  of  sulphuric  acid  in  the  atmosphere  of  large  town8,and  irom  the  examples  taken 
in  and  near  Manchester.  Dr.  Smith,  admitting  3iat  sulphurous  acid  was  first  prodaced 
by  combustion,  considered* it  was  oxidized  and  carried  down  by  rain  as  snlphoric  acid, 
and  usually  associated  with  ammonia*  Liebig  had  proved  carbonate  of  ammonia  to  be 
present  in  the  air.  Dr.  Smith  fo)ind  that  rain-water  was  alkaline  until  boiling  con- 
centrated the  sulphuric  acid.  Rain-water  collected  six  miles  from  Manchester  vaa 
such  that  it  could  not  be  used  agreeably  for  drinking.  He  considers  the  soil  as  a 
great  disinfectant  of  the  rain-waters, — ^removing  the  acids,  the  ammonia,  and  the  oilj 
and  carbonaceous  matters  that  give  unpleasant  qualities  to  rain-water.  Rain  collectra 
even  in  the  fields  on  concentration  had  so  much  oily  matter  developed  by  evaporation, 
that  suspicion  of  accidental  impurity  from  the  vessels  employed  was  only  removed  by 
the  employment  of  platina  vessels.  Specimens  of  air  taken  in  the  summers  of  1850 
and  1851  from  the  densest  parts  of  Manchester  were  compared  with  air  from  die  coun- 
tiry.  The  Quantity  of  sulphuric  acid,  estimated  in  tabular  form,  ranged  from  0*4  to  1  -OS 
grains  to  the  gallon  ;  the  chlorine  was  from  0*396  to  0*530  to  the  gallon,  while  the 
total  quantity  of  inorganic  matter  in  rain-water  was  from  0*8  to  3  grains  to  the  gallosi. 
Dr.  Smith  alluded  to  the  growth  of  conferva,  and  the  production  of  some  lirine  bodies 
and  made  observations  on  the  office  of  rain-water  thus  clearing  the  air  of  matten 
affecting  the  health  of  man.  _««_ 

On  Solid  and  Liquid  Camphor  from  the  Dryobalanops  Camphora. 
By  Professor  J.  E.  De  Vry. 

Dr.  De  Vry  gave  the  history  of  the  rarer  species  of  camphor  from  Sumatra  and 
Borneo,  the  price  of  which  is  thirty  to  forty  times  greater  than  that  to  be  met  with  in 
commerce,  and  after  quoting  from  the  work  *  De  Kamferboom  van  Sumatra '  of  W. 
H.  de  Vriese  of  Leyden,  and  the  opinions  of  Berzelius  and  Pelouze  as  to  the  com- 
position, gave  his  experiments,  which  led  to  his  opinion  that  the  fluid  camphor  or  oil 
of  camphor  was  rather  to  be  regarded  as  a  balsam  than  as  an  oil,  and  that  the  whole 
subject  of  the  camphors  deserved  attention  to  clear  up  the  obscurity  of  their  history. 


On  Nitro- Glycerine  and  the  Products  of  its  Decomposition* 
By  Professor  J.  E.  De  Vry. 

This  yellow  liquid,  nitro-glycerine,  seems  not  to  be  poisonous,  but  it  explodes  at  a 
moderate  heat,  as  was  shown  by  experiment,  detonating  when  the  drops  of  nitro-gly- 
cerine on  paper  were  struck  a  smart  blow  with  a  hammer. 


On  ihe  Construction  and  Principles  of  M.  Pulvermacher's  Patent  Portable 
Hydro-Electric  Chain  Battery  and  some  of  its  Effects*  By  W.  H. 
Walbnn. 

The  galvanic  battenr  now  presented  to  the  notice  of  the  Section  is  the  invention  of 
M.  Pulvermacher  of  Vienna,  and  was  originally  intended  by  him  to  supersede  the 
electric  apparatus  sometimes  used,  and  advised  by  physicians  to  be  worn  on  the  body 
for  the  relief  or  cure  of  certain  diseases  to  which  the  mild  but  continuous  influence 
of  galvanism  is  of  service. 

The  chief  objection  to  the  instruments  hitherto  employed  for  these  purposes  is,  that 
consisting  only  of  a  single  pair  excited  by  the  exhalating  cuticle,  there  is  a  want  of 
sufiicient  intensity,  and  consequently  the  amount  of  electricity  brought  into  action  by 
means  of  them  is  so  exceedingly  small  as  not  even  to  come  under  Uie  denomination 
**  mild."  This  serious  objection  has  been  entirely,  and,  as  will  be  seen,  satisfactorily 
obviated  by  M.  Pulvermacher,  the  chain-batteries  being  so  constructed  that  each  Unk 
is  a  single  hydro-electric  element;  and  the  Imks  are  connected  on  the  principle  on 
which  galvanic  pairs  are  connected  in  general  for  intensity  of  action,  thus  giving  a 
much  more  copious  and  effective  galvanic  current  than  that  obtainable  from  the  ss^ 
paratus  aboye  alluded  to*    The  details  of  its  constructioii  are  as  fellows;— 
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In  order  to  produce  a  large  surface  witbin  a  small  space,  and  with  little  material, 
poaitiTe  and  negative  wires  are  coiled  round  a  small  lengthy  piece  of  wood  in  such  a 
manner  that  they  run  parallel  to  each  other  at  very  small  distances  but  without  in- 
termediate contact.  At  each  extremity  of  the  wooden  core  the  end  of  one  of  the 
wires  is  bent  into  a  gilt  eye  (the  other  end  being  "fixed  in  the  wood),  so  that  at  one 
extremity  of  the  wood,  the  eye  from  the  positive  wire  at  the  other  extremit}*,  that 
from  the  negative  wire  projects  beyond  tne  core ;  the  whole  forming  the  metallic 
part  of  a  galvanic  element,  with  space  between  the  wires  for  the  fluid.  A  number  of 
auch  elements  linked  together  on  the  principle  of  the  voltaic  pile,  therefore,  con- 
stitutes the  metallic  part  and  arrangement  of  a  oattery,  permanently  connected,  Jltxible 
in  all  directionSf  of  considerable  surface  (quantity),  in  proportion  to  its  size,  and 
of  an  intensity  only  limited  by  the  number  of  elements  employed, 

Wnen  this  chain  is  immersed  for  a  moment  into  any  dilute  acid,  the  capillary 
attraction  between  the  parallel  wires  and  the  absorption  of  the  wooden  core,  on  the 
removal  of  the  chain  from  the  liquid,  retains  a  quantity  of  fluid  sufficient  to  excite 
the  battery  from  one  to  two  hours.  To  account  for  the  surprising  power  and  con* 
stancy  of  these  small  batteries,  it  must  be  considered — 

First.  That  the  acting  surface  is  very  considerable  in  proportion  to  the  substance 
of  the  metal,  the  wires  being  excited  on  the  whole  of  their  surface. 

Secondly.  That  the  resistance  of  the  fluid  to  conduction  of  the  electric  current  is 
reduced  toa  minimum,  the  layer  of  fluid  between  all  parts  of  the  wires  being  very  thin. 
Thirdly.  That  no  adherence  of  eas  to  the  negative  wire  takes  place,  owing  to  the 
facility  afforded  for  its  escape  by  the  thinness  of  the  layer  of  fluid  interposed ;  for  the 
same  reason  the  counter  polarization  of  the  negative  plate  by  the  deposition  of  m^* 
tallic  zino  upon  it  (which  is  a  necessary  consequence  of  the  action  of  any  other  single 
fluid  circle)  is  eifectually  prevented. 

For  experiments  in  which  an  intermitting  current  is  required,  M.  Pulvermacher 
has  contrived  two  instruments : — 

First.  The  interrupting  cylinder,  consisting  of  a  spiral  spring  fixed  in  a  small  glass 
tube  so  as  to  produce  by  every  motion  of  the  instrument  an  intermittent  connexion 
between  two  metallic  hooks  at  the  extremities  of  the  tube ;  this  is  principally  used 
for  physiological  and  medical  effects,  as  the  shock  given  to  a  person  holding  the  chain 
communicates  constant  and  continuous  vibration  to  the  instrument  sufiicient  to  pro^ 
dttce  the  requisite  intermission  in  the  connexion. 

Second.  The  portable  interrupting  clock-work  (size  five  cubic  inches),  by  which  the 
current  is  made  more  rapidly  and  regularly  intermittent. 

The  following  are  some  of  the  properties  and  uses  noticeable  in  this  form  of  batteryr— 
A  galvanic  battery  of  120  elements,  permanently  connected  and  therefore  readv  for 
instantaneous  use,  only  occupies  the  space  of  an  ordinary  pocket-book.  In  the  labo- 
ratory it  will  form,  no  doubt,  a  very  useful  instrument  of  research,  when  it  is  borne 
in  mind  that  the  ready,  and,  in  some  cases,  instantaneous  application  of  electricity 
(even  were  it  attained  onlv  with  instruments  of  small  power)  is  one  of  the  matest 
oesiderata  of  the  present  day  and  in  the  present  state  of  science ;  the  generafuseful-* 
oess  of  this  instmment  will  then  immediately  become  apparent. 

With  the  application  of  it  to  these  ends  then  only  in  view,  the  following  points 
of  interest  present  themselves,  viz.  that  it  is  a  good  and  instantaneous  means 
of  testing  solutions  in  which  either  acids  or  bases  are  suspected  to  exist  in  small  * 
quantities ;  that  it  affords  a  ready  and  almost  instantaneous  means  of  coating  metallic 
end  other  conducting  surfaces  with  thin  films  of  metals,  either  in  the  most  minute 
fetate  of  division,  in  a  crystalline  manner,  or  in  a  reguline  form ;  that  as  the  intensity 
of  this  arrangement  may  be  said  to  be  unlimited,  it  decomposes  the  oils  and  hydro* 
carbons  with  facility,  thus  opening  a  wide  field  of  research. 

Eight  elements  chai|;ed  with  distilled  water  decompose  distilled  water,  and  other 
most  unequivocal  proo»  of  enormous  power  in  this  respect  are  given  :  it  is  also  capable 
of  giving  all  the  results  of  common  statical  electricity,  still  combining  the  admirable 
oontinuiu  of  action  of  an  hydro-electric  arrangement,  with  the  sharp  effects  of  that 
derived  from  the  friclional  machine. 

'Hie  heating  effects  of  this  arrangement  will  not  be  without  their  uses,  both  in 
exploding  gases  and  other  materials.  It  has  also  been  suggested,  that  for  the  easy 
commumcatioDi  by  electricity,  from  a  train  on  the  line  to  any  station^  or  at  by-etationi 
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where  expennTe  batteries  have  to  be  conitandy  kept  charged,  altbough  but 
us^  these  batteries  would  be  found  to  possess  great  advautages,  as  they  would  be 
action,  only  when  reouired,  by  a  momentary  immersion  into  dilute  add. 

This  battery  likewise  possesses  surprising  magnetic  and  odylic  power,  for  its  mm 
but  these  applications  of  it  still  afford  ample  scope  fcNr  further  inyestigatioii 
research.  _««.^ 

On  the  Constitutum  cf  SalU.    By  Profeaaor  A.  W.^  Williamson. 

Chemists  have  of  late  years  considerably  extended  die  meaning  of  the  term  salt ; 
acids  and  bases  are  now  rather  viewed  as  acid  salts  and  basic  salts  respectively,  than  aa 
compounds  of  fundamentally  different  arrangement,  and  there  seems  reason  to  believe 
that  the  molecular  structure  of  the  so-called  simple  bodies  is  analogous  to  that  of  aalts. 
Thus  any  view  which  best  explains  the  properties  of  salts  may  be  expected  to  apply 
ultimately  to  the  molecular  structure  of  matter  in  ffeneral. 

It  was  remarked  that  a  serious  error  had  crept  mto  chemical  science  by  the  intro- 
duction of  a  different  unit  of  comparison  in  organic  chemistiy  to  that  which  is  em- 
ployed in  the  inorganic  department  of  the  science.  The  removal  of  this  error  and 
^option  of  an  uniform  standard  of  comparison,  naturally  leads  to  viewing  chemical 
action  as  consisting  in  substitutions  rather  than  in  direct  combinations.  The  beat 
studied  processes  of  organic  chemistry  have  been  found  to  consist  of  double  decompo- 
sitions. Numerous  other  instances  were  mentioned,  in  which  the  result  may  be  lar 
more  simply  explained  by  a  process  of  double  decomposition  than  by  the  suppositiofi 
of  unknown  predisposing  affinities  invented  for  each ;  and  various  arguments  were 
adduced  why  the  same  mode  of  reasoning  ought  to  be  extended  even  to  the  simplest 
phaenomena  of  inorganic  action  generally  considered  as  mere  combinations  or  aepn- 
rations.  It  was  shown  that  water  may  be  assumed  as  a  very  general  if  not  uniTcareal 
type  and  standard  of  comparison,  by  viewing  other  bodies  as  formed  from  it  by  the 
replacement  of  one  or  more  atoms  of  hydrogen  in  water  by  their  equivalent  of  Tarioos 
simple  or  compound  radicals,  llie  atom  of  radical  thos  replacing  hydrogen  is  some- 
times equivalent  to  one  atom  of  that  element;  in  other  cases  it  is  equivalent  to  two. 
The  difference  between  monobasic  acids,  such  as  nitric  and  bibasic  acids  as  sulpborici 
were  shown  to  follow  as  a  necessary  consequence  of  such  a  difference  of  the  lespecUfe 
radicals  NO,  and  SO,* 


GEOLOGY  AND  PHYSICAL  GEOGRAPHY. 

On  iheprobabk  Dimensions  of  the  great  Shark  (Carcharias  megalodon)  ((fAe 
Red  Crag.    By  J.  S.  Bowsrbank.  FJLS, 

The  teeth  of  this  fish  are  common  in  the  coprolite  beds  of  Suffolk ;  bat  althoagh 
exceedingly  hard,  they  are  usually  much  water- worn,  and  have  nearly  always  lost  the 
serrated  edges  which  are  so  well  preserved  in  specimens  of  the  same  species  fmoi 
Malta.  The  teeth  of  the  upper  jaw  may  be  known  from  the  lower  teeth  by  their 
comparative  narrowness  and  thickness ;  those  from  the  sides  of  the  jaws  are  progress- 
ively smaller  and  shorter.  The  largest  specimens  measure  from  4 j>  to  5  inebes  in 
length.  In  order  to  give  some  idea  of  the  magnitude  of  the  creature  to  wliich  they 
belonged,  Mr.  Bowerbank  exhibited  the  jaws  of  the  lar^st  known  snecimen  of  the 
Carcharias  glaueua  of  Australia ;  it  was  kiUed  b^  a  whaling  crew,  at  Port  Fairy,  Au- 
stralia. It  measured  37  feet  in  lengtii ;  its  vertical  gape  is  25|  inches,  its  horiaontal 
20^  inches ;  the  length  of  its  largest  teeth  2f  inches.  From  the  measurements  it  is 
Inferred  that  the  fossil  shark  must  have  had  a  gape  of  at  least  3  feet  by  4,  and  an  entire 
length  of  not  less  than  65  feet.  This  estimate  is  not  at  all  improbable,  as  there  exists 
a  (comparatively  harmless)  species — the  Basking  Shark — in  the  British  seas,  of  which 
one  individual,  killed  off  Brighton,  measured  36  feet,  and  one  which  was  stranded  in 
the  Orkneys,  and  described  as  a  "  sea-serpent/'  exceeded  60  feet  in  length.  Looking 
at  the  mineral  character  of  these  fossils,  and  their  association  with  the  teeth  of  a  second 
Maltese  shark  {Oxyrrhina  hattalts),  not  found  either  in  the  London  day  or  coralUns 
erag,  Mr..  Bowerbank  was  inoliaed  to  regard  them  as  having  been  denved  from  tiie 
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dettniction  of  8om6  older  depoait,  perhaps  an  exteDsion  of  the  great  miocene  fonnatioa 
of  louthem  Europe.  ««_ 

On  the  Remaint  of  a  Giffoniie  Bird  from  the  London  Clay  of  Sheppey^ 
By  J.  S.  BowsRBANK,  F.R.S, 

The  epecimen  descfibed  is  a  fragment  of  one  of  the  bones  of  the  extremities;  it  ii 
4  inches  longr  and  1  inch  in  diameter  at  the  larger  end,  and  is  somewhat  three-sided, 
with  ronnded  angles.  The  thickness  of  its  walls  is  from  }  of  a  line  to  1}  line ;  its 
microscopic  structure  exhibits  the  characteristic  bone-cells  of  animals  of  the  bird  tribe. 
The  specimen  indicates  the  bird  to  have  been  at  least  the  size  of  a  full-grown  Albatros. 


On  the  Pterodaefyles  <fthe  Chalk  FarmaHon. 
By  J.  S.  BowERBAMK,  F.R.S* 

The  author  exhibited  drawings  and  restorations  of  remains  of  these  winged  reptilesy 
showing  that  the  gr^at  species  of  the  chalk  (P.  CuoUri)  must  have  had  a  spread  of 
wifig  equal  to  16  teet  6  inches ;  whilst  a  second  larfe  species  (P.  compressirottris)  was 
estimated  at  15  feet.  The  largest  species  from  the  uas  previously  well  known,  the 
P.  viaor(my»  of  Buckland,  was  only  computed  at  4  feet  7  mches  from  tip  to  tip  of  its 
expanded  wings,  __««. 

Indioaiians  of  Upheavals  and  Ikpresiions  of  the  Land  in  India* 
By  Dr.  Buist,  LLJ).    {Communicated  by  CoL  Stkeb.) 

Referring  to  the  well-known  cases  below  the  sea-level  in  Europe,  Dr.  Buist  states 
that  all  around  the  shores  of  India,  from  Calcutta  to  Bombay,  appearances  exactly  similar 
to  these  present  themselves.  In  1815,  in  the  clearing  out  of  the  Dhurrumtollah  Tank 
in  Calcutta,  the  workmen  at  the  depth  of  about  24  feet  from  the  surface  passed  through  a 
bed  of  sand  and  came  toa  group  of  full-erown  trees ;  these  were  standing  perpendicularly 
at  short  distances  from  each  other,  and  had  the  appearance  of  trunks  lopped  off  within 
three  or  four  feet  from  the  roots*.  In  general  they  were  about  a  foot  and  a  half  in  dia- 
meter; the^r  were  firmly  fixed  in  a  dark  loamv  soil,  into  which  their  fangs  spread  in 
every  direction ;  their  elbows,  where  the  trunk  separated  into  the  roots,  were  pecu- 
liarly distinct ;  they  were  of  a  reddish  colour,  the  nbre  soft  and  moist,  but  still  preser- 
ving unaltered  the  grain  of  the  wood.  The  recent  operations  of  Mr.  Simms  have  given 
an  exactitude  to  these  observations  they  did  not  at  the  time  possess.  The  bottom  of 
the  tank,  where  the  roots  were  found,  is,  according  to  him,  about  24  feetf  below 
the  surface  of  the  ground,  which,  again,  is  about  a  similar  distance  above  the  lowest 
low-water  mark  at  Kyd's  Dock,  this  last  being  about  the  same  level  with  the  bottom 
of  the  tank ;  so  that  with  a  tide  range  of  16  feet  the  tree-roots  arc  8^  feet  beneath  tlie 
mean  level  of  the  sea  and  16  below  high- water  mark.  In  the  bottom  of  a  tank 
three  miles  distant  from  this  exactly  the  same  appearances  were  discovered,  as  they 
were  in  the  excavation  of  the  docks  by  Mr.  Jones,  and  in  the  clearing  out  of  various 
tanks  on  the  other  side  of  the  river.  About  the  year  1810,  the  same  appearance  pre- 
sented itself  in  deepening  the  Laldiggee  in  Tank  Square.  At  Dum  Dum,  eight  miles 
further  up{,  not  only  trunks  of  trees  hut  bones  and  deer's  horns  were  found  at  a  great 
depth  from  the  surface.  At  Bombay,  again,  during  a  violent  fall  of  rain  in  1849,  a 
torrent  near  Sewree  cut  through  a  bank  of  shells  and  gravel  cemented  together  into  a 
kind  oi  stone  which  prevails  all  up  and  down  over  the  coast,  and  to  which,  from  its 
appearance  and  position,  I  have  given  the  name  of  Littoral  Concrete.  At  the  parti- 
cular spot  referred  to  the  mass  was  found  to  be  about  6  feet  thick ;  underneath  this, 
and  about  4  feet  below  high-water  mark,  was  a  mass  of  blue  clay,  the  same  in  ap- 
pearance .as  the  sludge  now  depositing  on  our  shores;  this  varied  from  1  to  3  feet 
in  thickness,  and  was  everywhere  full  of  tree-roots  obviously  in  situ,  apparently 
the  mangrove,  which  always  grows  betwixt  high  and  low- water  mark.  The  fibres 
were  traceable  everywhere  through  the  clay«  and  where,  by  reason  of  their  fineness 
they  had  become  obliterated,  casts  of  them  still  remained.    In  many  cases  the  woody 

*  CalcuUa  Gazette,  1815.  f  Bengal  Hurkaree,  April  30,  1851. 
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fibre  was  fresh  and  tough,  aiid  could  be  cut  with  an  axe  or  saw,  to  which  it  yielded  witb 
considerable  difficulty.    It  was  of  a  reddish  colour,  like  that  which  mahogany  t 


when  steeped  in  water ;  in  the  great  majority  of  cases  it  was  redu'ced  to  a  black,  V^fJ 
state,  like  charcoal  or  the  decayed  timber  found  on  our  sea  shores  at  home.     This, 
when  exposed  for  a  few  weeks  to  the  air,  became  hard  and  brittle,  and  broke  with  a 
bright  resinous  fracture  and  lustre,  something  like  that  betwixt  lignite  and  jet    When 
exposed  to  damp,  it  in  many  cases  became  covered  with  a  greeniw-white  efflorescence 
of  sulphate  of  iron,  a  substance  produced  in  such  abundance  in  the  lignite  formadon 
near  Quilon  that  it  is  collected  and  sold  as  a  mordant  to  the  dyers.    The  tree-rootm 
referred  to  were  everywhere  perforated  with  holes,  the  work  of  worms  or  some  other 
borer ;  these  varied  from  a  quarter  of  an  inch  to  an  inch  in  diameter ;  thev  are  almost 
invariably  lined  with  beautiful  incrustations  of  carbonate  of  lime,  from  the  thickneea 
of  an  egg-shell  to  that  of  a  crown-piece ;  these  incrustations  are  composed  of  a  mul- 
titude of  distinct  layers,  and  form  tubes  of  the  most  fantastic  appearance,  varyiiig^ 
from  a  few  inches  to  some  feet  in  length,  but  so  brittle  that  it  is  seldom  that  more 
than  half  a  foot  can  be  taken  out  entire.    Until  the  present  year  the  arrangement  here 
described  was  only  observable  in  two  or  three  localities.     In  consequence  of  the  cat- 
tings  of  the  railway  and  town  drain,  together  with  the  deepening  of  nearly  all  our  old 
Wefis  and  the  excavation  of  numberless  new  ones,  during  the  present  season  exoellcDt 
opportunities  have  presented  themselves  of  inquiring  further  into  the  matter,  and  the 
result  has  been  that  over  nearly  a  third  of  the  island  of  Bombay,  or  with  a  few  exoep* 
tions,  wherever  the  shell,  gravel  and  concrete  form  the  material  at  the  surface,  Uae 
clay  with  mangrove  roots,  in  all  respects  similar  to  those  described,  are  found  beneath. 
Captain  Fulljames  appears  to  have  found  nearly  the  same  arrangement  at  Oogo  in 
the  Gulf  of  Cambay,  and  the  same  thing,  so  far  as  I  can  judge,  is  described  by  Ci^t. 
Vicary  *  as  visible  at  Kurrachee.    I  have  in  my  possession  the  grinders  and  jaw-bone 
of  an  elephant  dug  out  of  a  well  a  little  way  above  Kurrachee,  from  about  20  feet 
under  the  surface  of  the  ground,  probably  from  the  same  formation.    There  are  in  all 
likelihood  numberless  examples  of  the  same  appearances  all  along  our  coast  if  they 
were  inquired  after.    At  present  we  only  find  the  mangrove  growing  in  shallow  and 
sheltered  spots  where  mud  is  freely  deposited,  and  we  cannot  expect  its  remains  to 
prevail  over  a  larger  area  than  that  at  present  occupied  by  the  living  plant.     There 
seems  to  me  no  means  whatever  of  explaining  the  appearance  of  the  deposit  of  shells 
and  gravel,  which  from  their  appearance  are  manifestly  the  result  of  quiet  aqueous 
deposition  and  not  of  wind-drif>,  above  tree-roots  obviously  in  situ,  except  by  the  hy- 
pothesis that  these  latter,  afler  having  obtained  their  present  size,  sunk  with  the  soil 
on  which  they  grew  beneath  the  level  of  the  sea  to  such  a  depth  as  to  permit  the  mass 
which  now  covers  them  to  accumulate.     From  the  excavations  lately  made  on  the 
Esplanade,  Bombay,  it  would  appear  probable  that  the  descent  which  gave  rise  to 
this  was  a  sudden  one.     In  the  bottom  of  a  well  12  feet  deep,  just  as  the  rock  was 
reached,  coral  such  as  that  now  prevailing  on  our  shores  was  found  in  abundance ;  it 
was  perfectly  uninjured,  every  pore  and  fibre  remaining  as  entire  as  when  the  zoo- 
phyte Uved  in  it.     The  same  species  of  coral  now  found  on  our  shores  never  forms  a 
rock;  when  it  attains  the  size  of  a  cubic  foot  or  so  the  zoophyte  dies;  the  coral  is  im- 
mediately thereafter  detached  from  the  rock,  and  in  a  short  time  rounded  or  ground 
to  powder  by  the  surge ;  the  least  exposure  to  abrasion  or  impact  from  any  hard  sub- 
stance proves  fatal  to  the  texture  of  a  substance  so  delicate.    The  proofs  of  an  up- 
heaval subsequent  to  the  subsidence  are  plentiful. 

It  seems  to  me  impossible  to  explain  the  production  of  river  deltas  on  the  usual 
hypothesis  of  a  deposit  of  silt  from  running  water,  and  that  mud  such  as  that  which 
constitutes  them  is  never  thrown  down  except  when  the  water  which  suspends  it  has 
been  permitted  to  remain  for  a  considerable  period  in  a  state  of  repose.  By  what 
means  can  it  be  imagined  that  the  Deltas  of  the  Ganges,  Indus  or  ^le,  should  ever 
be  enabled  to  attain  a  level  high  above  the  reach  of  the  highest  inundations,  if 
the  relative  levels  of  land  and  water  had  at  the  time  of  their  formation  been  as  at 
present?  Assume  that  these  rivers  discharged  their  waters  into  a  long  shallow  estuaiy 
of  the  sea,  the  bottom  of  which  afterwards  became  elevated  by  upheaval,  and  the 
whole  matter  is  simple.  At  Madras,  from  the  powder-mills  to  Enmore,  and  so  for 
many  miles  up  and  down  the  coast,  figments  of  bone,  oyster-sheUsi  luid  and  lea- 

*  London  Geological  Transactions* 
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fehells  and  cuttle-fish  bones  occur  along  a  level  tract  which  varied  from  a  hundred 
yards  to  twenty  miles  in  breadth.  The  shells  have  in  most  cases  retained  their  form 
and  appearance,  but  in  black  clay  soils  they  are  changed  into  a  clear  selenite  or  dirhr 
iihrous  gypsum,  showing  crystallization  of  the  latter  substance,  but  retaining  enough 
of  their  original  form  and  shape  to  identify  their  oriein.  The  greater  part  of  the  cha- 
racter of  the  Coromandel  coast  is  similar  to  this.  After  penetrating  through  the  sand 
mixed  with  shells,  a  deep  bed  of  soft  blackish  clay  is  generally  found,  containing  so 
much  water  that  the  foundations  of  the  buildings  constructed  where  it  occurs  can  only 
be  laid  on  the  walls*  used  for  foundations  and  peculiar  to  Madras.  At  Adgar,  the 
small  weir,  about  eight  miles  from  Fort  St.  George,  which  forms  the  limit  of  the  Su- 
preme Court  jurisdiction  in  that  direction,  large  quantities  of  recent  sea-shells  are 
constantly  being  dug  up  for  the  use  of  the  lime-burners  three  miles  from  the  shore. 
These  occurred  at  a  depth  of  from  8  to  12  and  20  feet,  under  a  stratum  of  red  gra* 
▼elly  soil,  the  pebbles  in  which  are  mostly  quartz  and  angular  in  form.  The  whole 
plain  in  this  direction  is  considerably  raised  above  the  level  of  the  sea,  and  presents 
the  same  geological  appearances.  The  plain  between  the  isolated  hills  of  Amravutty 
and  the  sea  slopes  gradually  towards  the  shore,  and  has  the  appearance  of  an  extensive 
alluvial  deposit,  from  the  surface  of  which  the  subordinate  nills  rise  like  so  many 
islands.  The  upper  bed  consists  of  regur  or  black  cotton  soil,  varying  from  6  Inches 
to  20  feet  in  deptti,  with  a  subsoil  of  stiff  unctuous  clay,  a  stratum  of  sand  or  gravel 
occasionally  intervening.  Between  Chandole  and  Chinna  Ganjam,  a  black  soil  gives 
place  to  a  belt  of  sand  8  to  10  miles  in  breadth,  the  whole  bearing  the  appearance  of 
an  61d  sea  beach.  Alonc^  the  sea-margin  of  Western  India  we  find  almost  everywhere 
vast  expanses  of  nearly  level  ground,  from  3  to  10  feet  above  high- water  mark,  con- 
sisting exclusively  of  the  shells  and  gravel  such  as  I  have  already  described,  in  a  loose 
or  cemented  state,  according  to  circumstances.  When  cemented,  the  material  is  used 
extensively  as  a  building- stone,  and  the  greater  part  of  the  less  substantial  houses  in 
Bombay  have  been  constructed  from  it.  It  in  general  abounds  in  fine  fresh  water, 
and  forms  the  ground  on  which  those  magnificent  cocoa-nut  groves  which  skirt  our 
shores  prevail;  they  extend  around  the  whole  of  the  shores  of  the  Arabian  Sea  as  far 
as  Soonmeani,  beyond  which  my  information  is  imperfect,  with  the  exception  always 
of  the  vicinage  of  the  debouchures  of  our  great  rivers,  where  the  Delta  aouts  directly 
on  the  sea.  Around  the  peninsula  of  Aden,  and  along  the  shores  of  the  Red  Sea  on 
both  sides,  they  are  peculiarly  conspicuous,  stretching  on  the  African  coast  many 
miles  inland.  Around  Suez  there  is  a  vast  expanse  consisting  of  shells  and  gravel, 
in  appearance  so  fresh  and  recent,  that  one  might  imagine  it  to  have  formed  the 
channel  of  the  sea  a  few  months  before.  Capt.  Newbold  describes  a  similar  beach  as 
prevalent  along  many  of  the  shores  of  the  Mediterranean.  Returning  to  the  East,  the 
island  of  Mauritius  is  belted  by  an  enormous  coral  reef  throughout  the  whole  shore, 
excepting  about  10  miles;  this  rises  from  5  to  15  feet  above  high-water  mark,  and  is 
worn  in  some  places  into  the  most  fantastic  shapes  by  the  surge.  The  Observatoiy 
of  Port  Louis  is  built  upon  a  bed  of  coral  10  feet  above  high- water  mark.  Blocks  of 
coral,  too  vast  to  be  transported  by  any  existing  agency,  are  found  from  600  to  1300 
feet  inland,  cut  ofi*  from  the  shore  by  elevated  ridges ;  and  a  considerable  way  in  the 
interior  two  remarkable  headlands  of  coral,  from  20  to  25  feet  above  the  level  of  the 
sea,  are  to  be  met  with  in  the  Jungle.  Tlie  great  part  of  the  numberless  coral  islands 
which  are  scattered  between  the  Cape  of  Good  Hope  and  Ceylon,  the  Chagos  Archi- 
pelago,  the  Seychelles,  Laccadives  and  Maldives,  appear  to  have  been  elevated  to  their 

E resent  level  by  the  same  upheaval  by  which  the  terraces  now  under  consideration 
ave  been  produced,  and  I  have  no  doubt  abundance  of  traces  of  the  same  thing  will  be 
found  all  along  the  shores  of  our  Eastern  seas.  I  need  not  enumerate  the  numberless 
examples  of  old  sea-margins  to  be  found  all  alons  the  shores  of  England  and  Scotland, 
infinitely  more  familiar,  as  they  must  be,  to  resident  geologists  than  to  an  exile. 

The  theory  of  subsidence  and  subsequent  upheaval  which  I  have  just  endeavoured 
to  establish  seems  alone  capable  of  explaining  the  production  of  coral  reefs.  As  the 
rock  on  which  they  rested  descended,  the  zoophytes  would  naturally  work  their  way 
upwards  to  the  surface  of  the  sea,  on  the  approach  of  which  their  operations  are  inva- 
riably discontinued.  An  upheaval  such  as  I  have  assumed  would  bring  the  surface 
of  our  Atfe[^  to  their  present  level,  which  they  could  by  no  other  process  have 
attained. 

^  Hollow  brick  cylinders. 
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In  writing  on  this  subject  I  may  refer  to  another  of  almoat  equal  intenat  flii4 
novelty,  referring  to  a  change  in  the  aspect  of  the  interior  of  India,  not,  so  far  as  I 
know,  hitherto  described.  Alone  the  line  of  the  MooUa  and  Motamoola,  near 
Foona,  where  the  river  cuts  through  deep  beds  of  alluviam,  about  15  feet  under  tba 
surface,  a  stratum  of  freshwater  shells  makes  its  appearance ;  they  are  aomrrimea 
loose  in  the  clay  or  sand,  more  frequently  they  are  cemented  together  by  caleaieooa 
matter :  they  are  for  the  most  part  perfectly  entire  and  fresh,  and  aeem,  so  far  ae  I 
can  judge,  identical  with  those  now  in  existence.  These  beds  are  found  orer  a  Taal 
expanse  of  country,  wherever,  in  fact,  alluvium  of  any  considerable  thieknesa  prevaOa. 
The  alluvium  contains  hardly  any  gravel  or  stones ;  it  lies  in  uniform  beds,  and  baaia 
every  appearance  of  having  been  a  lake-,  none  of  having  been  a  river-deposit.  I>r. 
Gibson,  Inspector  of  Forests^is  convinced  that  the  whole  alluvium  of  the  Deccan  owea 
its  origin  to  a  vast  series  of  magnificent  lakes  of  comparatively  recent  exutenoe,  lakea 
which  must  have  affected  the  climate  as  well  as  the  whole  characta  of  the  oountir. 
Compared  to  the  swamps  referred  to  by  Dr.  Malcolmson  and  Dr.  Falconer*,  the  col- 
lections of  water  under  consideration  must  have  existed  as  of  yesterday ;  and  vere  the 
regions  over  which  they  prevail  examined  with  sufficient  care,  we  might  be  enabled 
to  map  out  the  area  whicn  they  occupy,  and  infer  with  considerable  accuracy  the  mg9 
to  which  they  belonged.  ..«-««_« 

On  the  EMnodemuUa  rfOe  Crag.    By  Professor  £.  Forbes,  PJLS. 

These  fossils,  amounting  to  twenty  species,  are  mostly  obtained  from  the  coraHine 
craff.  They  consist  of  two  new  Comatulse,  not  related  to  the  existing  British,  but  to 
Indian  species ;  a  unique  specimen  of  a  star-fish  from  the  Red  Crag,  identical  widi 
the  recent  Ur cuter  rubens ;  four  Echini,  of  which  one  is  the  common  British  species, 
E*  spJuBrai  three  others  allied  to  Temnopleurus, — a  genus  not  now  livine  in  tne  At- 
lantic, but  living  in  India,  where  it  also  occurs  fossil ;  two  species  of  Ecfimocyaauu, 
one  identical  with  the  British  E,  pusUlta ;  fragments  of  an  Echinoneus,  two  species  of 
Snatangus,  one  S.purpureus,  the  other  S.  regtna  (Gray),  of  Malta;  a  species  o{  Am^ 
phidotui ;  and  lastly,  Brisstu  SciUm,  which  occurs  both  living  and  fossil  in  the  Medi- 
terranean ,  but  is  properly  a  tropical  Indian  form.  In  this  assemblage  there  is  a  mixture 
of  Celtic  with  Indian  types,  and  an  absence  of  characteristic  Lusitanian  forms;  aa  if 
during  the  crag  epoch  there  had  existed  a  communication  with  the  eastern  seas,  bat  a 
barrier  to  the  south, — a  conclusion  which  would  harmonize  with  Mr.  Searlea  Wood's 
inferences  from  the  shells  of  this  formation. 


On  the  Discovery  by  Dr.  Overweg  of  Devonian  Roch  in  North  Africa. 
By  Professor  £•  Forbes,  FJR.S^ 

This  was  an  announcement  of  an  important  discovery  made  by  Dr.  Overws^  is 
Fezsan,  whence  he  has  sent  specimens  of  true  Devonian  rocks  with  fossJls  identical 
with  those  of  the  Devonians  of  the  Sierra  Morena  in  Spain.  No  palssozoie  rocks  have 
hitherto  been  discovered  in  Africa  north  of  the  line ;  and  this  new  fact  may  probably 
prove  of  consequence  in  explaining  the  physical  and  organic  peculiarities  of  Africa, 
and  taken  in  connexion  with  the  fact  of  the  existence  of  Devonian  rocks  in  the  Cape 
region,  may  indicate  a  palaeozoic  axis  running  north  and  south  through  that  continent. 


The  Rev.  J.  Gunn  exhibited  the  Femur  of  a  gigantic  Fossil  Elephant,  dug  im  on 
the  beech  at  Bacton.  It  is  the  shaft  only,  without  the  epiphyses,  of  a  young  animsl, 
and  measures  four  feet  in  length ;  by  placing  with  it  articulating  extremities  of  coi^ 
responding  size  from  the  same  formation,  the  complete  femur  is  shown  to  have 
been  five  feet  in  length.  The  head  of  another  femur,  from  Mr.  Gunn's  collection, 
was  obviously  too  lar^e  to  have  belonged  even  to  this  mafi;nificent  specimen.  An- 
other entire  femur  or  an  aged  elephant,  dredged  up  off  Yarmouth,  was  only  3  feet 
4  inches  long,  but  still  indicated  an  animal  equal  in  size  with  the  largest  living  Indisa 
elephants.  With  respect  to  the  species  of  elephant  to  which  these  remains  beloDgedi 
Mr.  Gunn  exhibited  molar  teeth  obtained  from  the  same  localities,  showing  that  tbs 
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gigantic  t|>ecie8  was  most  probably  the  EUpkas  meridionalU  of  Nestii  whose  remains 
are  found  in  the  pliocene  formations  of  the  south  of  £urope,  and  whose  existence  as  a 
characteristic  fossil  of  the  British  crag  and  its  equivalent  freshwater  deposit  at  Grays, 
bad  been  fully  determined  by  Dr.  Falconer,  and  confirmed  by  the  observations  of  Mr. 
Waterhouse.  The  smaller  species  appeared  to  be  identical  with  the  mammoth  or 
Arctic  elephant  of  Siberia,  whose  tusks  are  remarkable  for  their  double  curvature,  and 
the  ffrinding  teeth  for  the  great  number  of  enamel  plates.  The  bones  of  this  animal 
are  less  mineralized  than  those  of  the  older  species ;  they  have  been  found  over  aU 
JSTorthem  Europe,  they. are  dredged  in  many  parts  of  the  British  Channel,  and  occur 
in  some  of  the  caves.  They  are  closely  connected  with  the  strata  containing  spruce 
fir-cones  at  Bacton,  and  with  those  newest  beds  containing  Arctic  sea-shells  and  other 
indications  of  a  colder  climate.  .«_«_ 

On  the  DistrHnUioH  of  Granite  Bocks  from  Ben  Cruachan, 
By  William  Hopkins,  M^,^  FM.S,y  Pres,  GeoL  S. 
Mr.  W.  Hopkins  exhibited  a  map  of  the  lochs  and  mountains  around  Ben  Cruachan, 
with  the  distnbution  of  the  trains  of  granite  blocks  to  which  he  had  alluded  last  year 
at  the  Edinburgh  meeting.  He  had  formerly  been  unable  to  explain  by  what  means 
the  granite  blocks  supposed  to  have  been  derived  from  Ben  Cruachan  had  crossed  the 
meuntain  group  between  Loch  Fyne  and  Loch  Lomond,  so  as  to  sain  access  to  the 
latter,  and  form  a  stream  extending  to  the  Clyde  and  Glasgow.  Smce  then,  he  had 
discovered  in  this  rery  mountain  group  a  granitic  tract  not  marked  on  the  geological 
maps,  in  the  immediate  vicinity  of  Loch  Sloy,  at  a  height  of  from  1500  to  2000  feet, 
and  affreeine  in  mineral  character  with  these  travelled  blocks,  which  may  therefore 
have  descended  Loch  Long  and  Loch  Lomond  with  the  same  faciliw  that  the  granite 
blocks  of  Ben  Cruachan  have  entered  Loch  Awe,  and  those  of  Loch  Etive  have  reached 
Oban  and  Kerrara.  They  are  dispersed  alone  the  sides  of  the  valleys  to  the  height  of 
300  or  406  feet  Mr.  Hopkins  tnen  referred  to  the  possible  causes  of  the  dispersion 
of  the  granite  blocks  ^— -if  bv  ocean  currents,  then  tne  country  must  have  been  de- 
pressed  nearly  2000  feet,  as  Wales  is  believed  to  have  been  about  the  same  period ;  if 
transported  by  floating  ice,  independently  of  glaciers,  then  also  the  country  must  have 
had  a  lower  level ;  terrestrial  glaciers  may  also  have  been  agents,  if  their  existence  was 
idlowed*  The  character  of  the  blocks— being  at  first  large  and  angular,  but  becoming 
smaller  and  more  rounded,— was  opposed  to  the  supposition  that  floating  ice  or  terres- 
trial glaciers  were  the  principal  agents  in  their  removal.  If  floating  ice  had  been  the 
cause,  tiien  the  sphere  of  dispersion  would  probably,  also,  have  been  mucb  greater. 
In  Glen  Wray  he  had  observed  indications  of  what  he  considered  true  moraines.  He 
sras  inclined  to  believe  that  more  than  one  cf  these  causes  had  been  in  operation  in 
the  dispersion  of  these  blocks  from  their  respective  centres. 


On  the  Affe  of  the  Copper^bearing  Rocks  of  Lake  Superior  and  Huron,  and 
various  facts  reloHng  to  the  Physical  Structure  of  Canada,  By  W*  E. 
LoGAK,  FM^S,  ^  G.S.t  Director  of  the  Geological  Survey  of  Canada* 

In  the  present  paper  it  is  my  purpose  to  place  before  the  Association,  in  as  con- 
densed a  form  as  possible,  one  or  two  of  the  main  features  of  the  physical  structure 
of  Canada,  ascertained  in  the  progress  of  the  geological  survey  now  carried  on  in  the 
country,  under  my  direction,  by  the  authority  of  the  provincial  government. 

With  the  exception  of  the  drift,  the  country  is  composed  of  rocks,  none  of  which 
are  newer  than  the  carboniferous  epoch.  The  general  geographical  distribution  of 
^ese  rocks,  as  far  as  ascertained  and  as  connected  with  the  physical  structure  of 
the  bordering  states  of  the  American  Union  on  the  one  hand,  and  the  sister  British 
provinces  on  the  other,  is  represented  on  the  map  which  is  displayed  to  view. 

One  of  the  points  to  which  it  is  my  wish  to  draw  attention  is  the  age  of  the  cop« 
per-bearing  rocks  of  Lakes  Superior  and  Huron,  as  determined  by  the  evidences  coU 
fected  on  the  Canadian  survey;  and  another,  the  differences  that  exist  in  the  structural 
condition  of  the  western  and  eastern  parts  of  the  province. 

The  rocks  on  the  north  shore  of  Lake  Superior  consist  of  reddish  granite  and 
syenite^  which  in  ascendingorder  paw  into  micaceous  and  hornblendic  gneiss  and  aUled 
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forms.    These  are  succeeded  by  cUoritic  and  partially  talcose  slates,  wbidi  become 
interstratified  with  obscare  conglomerates  with  a  slaty  base,  and  apon  tJiem  rat 
unconformably  bluish  slates,  with  intermingled  bands  of  chert  and  limestone  towards 
the  bottom,  and  a  thick  and  extensive  overflow  of  greenstone  trap  at  the  top.     Re* 
posing  on  these  are  white  sandstones,  which  pass  by  an  alternation  of  coloare  into 
red  sandstones  and  conglomerates,  often  with  jasper  pebbles,  and  these  are  repeated 
after  the  occurrence  of  an  uncertain  amount  of  reddish  limestone  of  an  argillaoecRis 
quality.    The  sandstones  and  conglomerates  become  interstratified  with  amygda- 
loidal  trap  layers,  and  an  enormous  amount  of  volcanic  overflow  divided  into  beds 
crowns  the  summit.  The  sandstones  are  often  argillaceous,  and  display  ripple-maii: 
and  crack  casts  on  their  surfaces,  while  the  concentric  curves  of  flow  sometimes 
characterize  those  of  the  trap.     Innumerable  dykes  cut  up  the  sedimentary  and  ▼ol- 
canic  beds,  and  both  the  dykes  and  the  overflows  are  almost  universally  marked  by 
a  transverse  columnar  structure.    The  thickness  of  the  whole  from  the  base  of  tbe 
blue  slates  cannot  be  less  than  12,000  feet,  and  the  whole  formation  is  intersected  hj 
copper  lodes  of  different  characters  in  different  places,  which  run  in  directions  beta 
with  and  transverse  to  the  strike. 

On  the  north  shore  of  Lake  Huron  the  granite  is  succeeded  by  a  formation  con- 
sisting of  white,  often  vitreous  sandstone  or  quartz  rock  of  great  thickness,  some- 
times  passing  into  a  beautiful  jasper  conglomerate,  and  alternating  with  great  beds 
'of  slate  and  bands  of  conglomerate  with  a  slaty  base,  both  being  interstratified  with 
thick  masses  of  greenstone.  A  persistent  bimd  of  limestone  of  about  150  feet  in 
thickness  and  interstratified  with  thin  cherty  layers,  occupies  a  place  in  the  series, 
probably  somewhere  about  the  middle.  The  surfaces  of  the  sandstone  often  exhibit 
ripple-mark,  and  the  total  thickness  of  all  the  members  of  the  formation  may  be  aboot 
10,000  feet.  Different  intrusive  rocks  intersect  those  of  stratification,  and  as  related 
to  one  another,  they  display  a  succession  of  events  in  the  history  of  the  fonnatioo. 
There  is  of  course  a  set  of  dyxes — ^greenstone  no  doubt-— cutting  the  sedimentary  rodcs 
and  giving  origin  to  the  greenstone  overflows.  It  is  difficiSt  however  to  identiiy 
these ;  but  another  set  of  greenstone  dykes  are  seen  cutting  both  the  sedimentary 
and  igneous  strata ;  intrusive  granite,  sometimes  occupying  considerable  areas,  thrusts 
these  antecedents  aside,  sending  forth  dykes  of  its  own  order,  intersecting  all  and 
reaching  to  considerable  distances  from  the  nuclei ;  and  th^  another  set  of  green- 
stone dykes  cuts  through  the  intrusive  granite,  its  dykes,  and  all  that  previous  causes 
had  placed.  Evidences  of  disturbances  and  dislocations  accompany  all  these  suc- 
cessive intrusions,  those  connected*  with  the  granite  being  the  most  violent.  But 
there  is  in  addition  another  set  of  disturbances  of  still  posterior  date,  and  it  is  to 
these  that  is  due  the  presence  of  those  metalliferous  veins  which  give  the  country  its 
value  as  a  mineral  region. 

In  respect  to  the  age  of  the  Huron  cupriferous  formation,  the  evidence  afforded  by 
the  facts  collected  by  my  friend  and  associate,  Mr.  Murray  (published  in  our  Report 
of  Progress  for  1847-48),  on  the  Grand  Manitoulin,  La  Cloche,  Snake,  lliessalon* 
Sulphur,  and  other  islands,  points  ranging  along  a  line  of  90  miles  out  in  front  of 
the  coast,  is  clear,  satisfactory  and  indisputably  conclusive.  On  these  islands,  the 
Potsdam  sandstone,  the  Trenton  limestone,  the  Utica  slates,  and  the  Loraine  shales, 
successive  formations  in  the  lowest  fossiliferous  group  of  North  America,  were  each, 
in  one  place  or  another,  found  in  exposures  denuded  of  all  vegetation,  resting  in  un- 
conformable repose,  in  a  nearlv  horizontal  position,  upon  the  tilted  beds  and  undu- 
lating surface  of  the  quartz  rock  and  its  accompanying  strata,  filling  up  valleys,  over-* 
topping  mountains,  and  concealing  every  vestige  of  dykes  and  copper  veins ;  and  it 
would  appear  that  some  of  these  mountains  have  required  the  accumulation  of  the 
whole  thickness  of  the  lowest  three  and  part  of  the  fourth  fossiliferous  deposit,  equal 
to  about  700  feet,  to  bury  their  summits. 

The  chief  difference  in  the  copper-bearing  rocks  of  Lakes  Huron  and  Superior 
seems  to  be  the  great  amount  of  amygdaloidal  trap  present  among  the  latter,  and 
of  white  quartz  rock  or  sandstone  among  the  former.  But  on  the  Canadian  side  of 
Lake  Superior  there  are  considerable  areas  without  amygdaloid,  while  white  sand- 
stones are  present  in  others,  as  on  the  south  side  of  Thunder  Bay,  though  not  in  the 
same  vast  amount,  or  the  same  state  of  vitrification  as  those  of  Huron.  But  not* 
withstanding  these  differences,  there  are  such  strong  points  of  resemblance  in  tlii 
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intentratification  of  igneous  rocks,  and  the  general  mineralized  conditiop  of  the 
whole,  as  to  render  their  proximate  equiyalence  highly  probable ;  and  the  conclusive 
evidence  given  of  the  age  of  the  Huron  would  thus  appear  to  settle  that  of  the  Lake 
Superior  rocks  in  the  position  given  to  them  by  Dr.  Houghton,  the  late  State  Geo- 
logist of  Michigan,  as  beneath  the  lowest  known  American  fossiliferous  deposits ; 
and  in  this  sequence  those  of  Lake  Huron,  if  not  those  of  Superior,  would  appear 
to  be  contemporaneous  with  the  Cambrian  series  of  the  British  Isles. 

The  eastern  limit  of  this  formation  on  Lake  Huron  is  in  the  vicinity  of  Colling's 
Inlet,  opposite  the  eastern  extremity  of  the  great  Manitoulin  Island,  whence  it 
eradnally  recedes  inland,  taking  a  north-eastern  course ;  and  farther  down  the  St. 
Lawrence  and  its  lakes,  the  Lower  Silurian  appear  to  rest  iipon  gneissoid  rocks 
without  the  intervention  of  the  Cambrian. 

If  a  line  be  drawn  on  the  map  in  continuation  of  the  Hudson  River  and  Lake 
Champlain  valleys  to  the  vicinity  of  Portneuf,  about  thirty  miles  above  Quebec,  and 
ihence-in  a  north-eastward  direction,  it  will  divide  the  country  into  two  areas,  which, 
though  nearly  resembling  one  another  in  the  general  formations  of  which  tiiey  are 
composed,  yet  present  important  differences  in  their  structural  condition.  Each  area 
belongs  to  a  great  trough  of  fossiliferous  strata  resting  in  Canada,  with  the  exception 
of  the  supporting  Cambrian  formation  of  Lakes  Huron  and  Superior,  on  gneissoid 
rocks,  and  containing  coal  measures  in  the  centre,  and  the  conditions,  in  which  the 
two  areas  differ,  are  the  general  quiescence  and  conformable  sequence  of  the  forma- 
tions from  the  base  of  the  Lov^er  Silurian  upwards  in  the  western,  and  the  violent 
contortions  and  unconformable  relations  of  those  of  the  eastern.  The  coal  measures 
f>f  the  eastern  area  are  those  of  Rhode  Island,  and  in  a  metamorphic  state  of  Massa- 
chusetts, and  those  of  Nova  Scotia  and  New  Brunswick.  None  of  the  productive 
part  of  the  New  Brunswick  coal  measures  reaches  Canada,  but  there  comes  out  from 
beneaUi  it,  on  the  Canada  side  of  the  Bay  Chaleur,  3000  feet  of  carboniferous  red 
sandstones  and  conglomerates.  These  are  succeeded  by  7000  feet  of  Devonian  sand- 
atones,  which  rest  upon  2000  feet  of  Upper  Silurian  rocks  consisting  of  limestones 
and  slates.  The  base  of  the  Upper  Silurian  group  has  been  traced  a  distance  of  about 
700  miles  from  Gasp^  on  the  Gulf  of  St.  Lawrence,  first  to  Memphramagog  Lake 
in  Canada,  thence  to  Halifax  on  the  southern  limit  of  Vermont,  and  further  into 
Massachusetts,  keeping  in  its  outcrop  at  a  variable  distance  from  the  coal.  In  ihe 
interval,  between  the  Upper  Silurian  and  the  carboniferous  formations,  there  can 
be  littie  doubt  the  Devonian  sandstones  vrill  display  a  conspicuous  figure  in  the 
eastern  area,  as  they  are  known  to  be  still  2500  feet  thick  in  the  eastern  portion  of 
the  western  area,  in  which  they  do  not  die  away  until  reaching  the  banks  of  the  Mis- 
sissippi. In  the  eastern  area  the  Lower  Silurian  strata  sweep  round  the  Upper,  oc- 
cupying a  zone  of  between  40  and  50  miles  broad ;  and  the  lowest  rock  common  to 
both,  connecting  the  troughs  on  the  anticlinal,  in  the  valley  of  Lake  Champlain,  is 
the  Trenton  limestone. 

On  the  north-western  side  of  the  western  area  the  formations  are  in  a  general  flat 
and  quiescent  condition  from  I^e  Superior  to  Pennsylvania,  and  they  succeed  one 
another,  without  any  observed  want  of  conformity,  from  the  base  of  the  Lower  Silu- 
rian to  the  summit  of  the  carboniferous.  But  it  has  been  shown  by  Professors  Rogers, 
that  proceeding  from  north-west  to  south-east  there  occurs  in  this  state  a  set  of 
successive  parallel  undulations  which  increase  in  intensity  in  the  direction  mentioned, 
and  on  the  south-east  side  of  the  Apalachian  coal-field  are  sufficiently  violent  to  pro* 
duce  overturn  dips  in  all  the  formations  together,  the  coal  inclusive.  These  plica- 
tions with  their  overturn  dips  thus  form  the  south-eastern  rim  of  the  western  area, 
and  are  distinctly  traceable  by  the  Apalachian  chain  through  Vermont  into  Canada, 
and  through  Canada  to  the  Gulf  of  St.  Lawrence ;  in  this  part  constituting  the 
north-western  rim  of  the  eastern  area.  But  while  in  the  western  division  there  is 
no  want  of  conformity  from  the  Lower  Silurian  rocks  to  the  carboniferous,  and  the 
plications  there  appear  to  be  of  a  date  subsequent  to  the  carboniferous  deposit,  in 
the  eastern  there  are  evidences  of  a  want  of  conformity  between  the  Upper  and  Lower 
Silurian  formations,  and  though  the  folds  in  the  former  do  not  seem  quite  so  violent, 
they  are  in  parallel  directions  with  those  in  the  latter.  There  is  another  and  a  greater 
want  of  conformity  between  the  Devonian  rocks  and  the  carboniferous.  A  large 
portion  of  ihe  carboniferous  deposit  of  New  Brunswick  shows  but  very  moderate 
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dips,  and  on  the  shores  of  Bay  Chaleur  it  lies  in  a  quiescent  condition  on  iiie  tnted 
edges  of  the  lower  formations,  sometimes  resting  on  one  and  sometimes  on  anotlMr. 
Its  north-western  outcrop  however,  or  rather,  I  should  say,  the  longitadinal  axis  of 
the  whole  coal-field  from  New  Brunswick  to  Newfoundland,  has  a  parallelism  'widi 
the  folds  of  the  inferior  rocks,  and  there  are  several  parallel  undulations  in  nearly  the 
same  direction  on  the  south  side  of  the  carboniferous  deposit. 

The  conclusion  to  be  drawn  from  these  facts  appears  to  be,  that  some  caose  pn^ 
ducing  folds  in  the  stratification  in  one  general  direction  has  been  in  operatioii  from 
at  least  the  cessation  of  the  Lower  Silurian  epoch  to  the  termination  of  the  carboni- 
ferous ;  and  it  only  requires  the  inspection  of  a  map  of  Atlantic  America  to  observe 
how  the  features  of  its  physical  geography,  displayed  in  the  configuration  of  its 
coast,  in  its  valleys  of  undulation  and  those  of  transverse  fracture,  are  almost  entirely 
dependent  on  the  results  of  this  cause. 

The  fossiliferous  rocks  of  both  these  divisions,  with  the  exceptidn  of  that  part  sup- 
ported by  the  Cambrian  formations  of  Lakes  Superior  and  Huron,  rest,  along  Am 
vaUevs  of  the  St.  Lawrence  and  the  Ottawa,  upon  a  series  consisting  of  micaoeoiiB 
and  hornblendic  gneiss  interstratified  towards  the  south  with  great  bands  of  cry- 
stalline limestone,  sometimes  highly  charged  with  magnesia  and  associated  witii 
vast  masses  of  magnetic  iron  ore,  but  without  calcareous  beds  on  the  north.  Tliess 
rocks  constitute  a  part  of  the  low  granitic  ridge,  which  to  the  westward  has  been  traced 
by  Sir  J.  Richardson  as  extending  with  a  north- westerly  curve  to  the  Arctic  Ocean. 

The  Canadian  rocks  on  the  north  side  of  this  granitic  ridge,  as  displayed  toward 
the  head  of  Lake  Temiscamang,  consist,  in  ascending  order^  of  chloritic  slates  and 
conglomerates  with  a  slaty  matrix ;  the  volume  of  these  is  probably  not  less  and 
may  be  much  more  than  1000  feet.  On  them  rests  a  set  of  massive  pale  greenish- 
white  or  sea-green  sandstones,  the  total  amount  of  which,  as  determined  by  the 
height  of  hiUs  which  they  compose  in  nearly  horizontal  layers,  is  between  400  and 
600  feet.  These  are  succeeded  by  about  300  feet  of  buff  and  whitish  fossiliferous 
limestones,  the  lowest  bed  of  which  is  composed  of  a  collection  of  great  boulders  and 
.  blocks  of  sandstone,  some  of  them  9  feet  in  diameter,  that  were  lying  immediately 
on  the  strata  from  which  they  were  derived  when  they  became  covered  up,  and  in 
which  great  cracks  and  worn  fissures  are  filled  with  the  calcareous  deposit  that  en- 
velopes the  whole.  The  sandstones  being  without  discovered  fossils,  it  is  not  easy 
to  determine  their  age ;  but  the  limestones  by  their  organic  contents  are  distinctly 
shown  to  belong  to  the  Upper  Silurian  epoch.  The  liOwer  Silurian  depositi^ 
unless  the  unfossiliferous  sandstones  be  a  member  of  the  group,  appear  to  be  wholly 
wanting  in  the  locality,  and  as  all  the  forms  brought  from  other  localities  on  the 
north  side  of  the  granitic  ridge  by  Bigsby,  Richardson  nnd  others,  are,  I  believe^ 
referable  to  Upper  Silurian  types,  it  appears  not  improbable  that  the  absence  of  the 
Lower  Silurian  rocks  may  spread  over  an  extensive  area,  and  the  south  side  of  the 
ridge  indicate  an  ancient  limit  to  a  Lower  Silurian  sea. 

The  nearest  locality  of  the  well-defined  forms  which  inhabited  this  sea  is  at  the 
island  of  AUumette,  about  200  miles  southward  fi'om  the  Upper  Silurian  rocks  of 
Lake  Temiscamang ;  there  is  however  a  patch  of  the  same  lower  formation  which 
is  only  about  100  miles  southward  from  them,  but  in  it  the  fossils  are  obscure. 
Instead  of  giving  any  remarks  of  my  own  on  the  fossils  of  the  two  sides  of  the  graahie 
ridge,  I  shall  append  to  my  paper  a  note  which  my  friend  Mr.  Salter  of  the  Geolo- 
gical Survey  of  the  United  Kingdom  has  been  so  kind  as  to  make  on  them  after  a 
careful  inspection,  only  stating  that  the  specimens  which  have  been  examined  are 
but  a  small  part  of  an  important  collection,  chiefiy  from  the  eastern  of  the  two  divi* 
sions  that  have  been  alluded  to.  brought  from  Canada  for  comparison,  and  ^at  twiee 
as  many  specimens  as  have  been  brought  remain  in  the  province  from  other  psrt8» 
while  great  additions  it  is  hoped  will  annually  be  made  to  liiem. 

I  have  only  further  to  add,  that  I  exhibit  to  the  Section  as  one  of  the  character* 
istics  of  the  lowest  member  of  tiie  Lower  Silurian  rocks  of  Canada,  a  small  slab  of 
sandstone  and  a  cast  from  a  larger  one,  showing  what  Professor  Owen  hss,  in  a 
communication  to  the  Geological  Society,  pronounced  to  be  a  track  and  footsteps  of 
a  species  of  tortoise,  thus  proving  the  existence  of  reptiles  at  the  very  earliest  period 
of  known  animal  life ;  a  fact,  upon  the  importance  of  which  it  is  unnecessary  to  ifisiBt 
before  a  geological  audience. 
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Naie  <m  the  FosdU  abwe  mentioned,  from  the  Ottawa  River. 
By  J.  W.  Salter,  F.G.S^  AX.S. 

Lower  StZunaii.— The  fossils  from  the  S.E.  ead  of  Allumette  Island,  on  the  Ottawa 
KiYer»  are  the  only  Lower  Silarian  fossils  yet  examined  of  Mr.  Logan's  large  collec- 
tions, and  they  bear  out  well  the  opinion  he  has  expressed,  that  in  some  parts  of  Ca- 
nada but  one  calcareous  group  can  be  distinguished  between  the  Potsdam  sandstone 
and  the  Hudson  River  group,  agreeing  in  the  main  with  the  celebrated  "Trenton 
limestone''  of  New  York,  but  possessing  also  man^  of  the  fossils  characteristic  of  the 
lower  limestones  which  in  that  country  have  received  separate  names. 

For  instance,  one  of  the  most  abundant  fossils  is  a  species  of  Scaliiet  {Euomphiilue 
uniangulattui),  described  as  a  fossil  of  the  calciferous  sand-rock  by  Hall.  The  corals^ 
again,  StromatoeeriMM  rugoeum,  Colv$nnaria  aloeokUag  which  are  very  abundant,  are 
those  of  the  Bird's-eye  and  Black  River  limestones.  The  former  of  these  corals,  too« 
is  usually  found  investing  (after  the  manner  of  a  sponge)  a  large  and  fine  species  of 
Maclurea,  a  genus  of  gasteropods  which  in  New  York  does  not  mount  above  the 
"Chazy"  or  lowest  limestone,  and  is  there  abundant.  Hall  indeed  expressly  mentions 
that  the  Stromatocerium  occurs  in  beds  above  those  which  contain  the  Maclurea»  In 
this  case,  however,  the  parasitic  zoophyte  has  generally  selected  this  fine  and  new 
shell,  to  which  I  propose  giving  the  name  of  its  discoverer.  It  is  well  distinguished 
from  M,  fnagna,  by  me  much  more  rapid  increase  in  diameter  of  its  whorls,  and  its 
minute  umbilicus.  It  is  possessed  moreover  of  a  most  peculiar  operculum,  which  will 
at  once  establish  the  right  of  Maclurea  to  rank  as  a  distinct  genus,  being  furnished 
within  with  a  broad  and  strong  bony  process  for  the  muscular  attachment,  and  being 
itself  very  strong  and  massive.  Prof.  Forbes  has  undertaken  to  compare  this  pecu- 
liar operculum  with  that  of  some  rare  living  gasteropods  of  far  inferior  size^  so  that 
more  need  not  be  said  of  it  at  present. 

The  Sirtmatoeerium  affects  also  a  small  and  new  species  of  Sealitea  allied  to  the 
one  aboive-mentioned,  and  frequently  covers  all  but  the  mouth,  so  as  to  mask  the 
form  of  the  shell  completely. 

But  it  is  with  the  Trenton  limestone  that  the  greater  number  of  species  agrees ;  and 
while  a  large  portion  of  tiiem,  especially  the  gasteropods,  appear  to  be  undescribed 
in  Hall's  work,  still  the  analogies  are  very  evident.  A  list  of  ten  or  more  Murehu 
mmm  or  Pleurotomaria  affords  one,  M,  ventricoeo,  characteristic  of  the  Bird's-eye 
limestone ;  two  common  in  the  Trenton  limestone,  M,  bidncta  and  M.  gracUU  (very 
abundant  species),  and  Jf.  hellieincta.  Hall,  a  large  TVm/eUo-like  form ;  the  rest  seem 
to  be  new ;  and  some  of  them  are  remarkable  for  the  tendency  of  the  whorls  to  sepa- 
rate and  become  what  may  be  called  vagrant,  as  happens  in  some  accidental  varieties 
of  the  common  snail.    The  shells  are  tolerably  thick  and  strong. 

Some  smooth  shells,  exactiy  like  the  Euomphali  of  the  carboniferous  limestone,  and 
several  roughly  sculptured  3W-itns«  or  shells  of  apparently  allied  genera,  occur }  and 
one  exceedingly  elegant,  with  close  thread- like  lines  of  growth,  is  very  common.  Ho* 
lopeaof  Hall,  an  ill-defined  genus,  offers  one  or  two  species  of  the  typical  form,  and 
one  closely  allied  to  H.  bilui  of  the  Western  States.  There  are  three  species  of  ScaUttig 
a  genus  with  the  mouth  notched  like  Pleurotomaria,  but  destitute  of  a  spiral  band  i 
one  is  the  sm^  species  so  commonly  encrusted  over ;  a  second,  of  which  we  have 
but  a  single  specimen,  is  muricated  with  spines,  like  a  JMphinula ;  the  third  is  the 
very  conunon  8,  {Euomphalui)  wnangulatui  above  mentioned,  which  also,  but  rarely, 
shows  a  tendency  to  become  spinose.  There  are  also  two  or  three  species  of  the 
nenus  Raphutoma,  which  appears  to  be  only  a  discoid  form  of  Scaliiei,  We  have  a 
l^rriieUa  ?  spirally  ribbed,  and  undistinguishable  in  general  form  from  living  species* 
But  the  most  abundant  and  characteristic  shell  is  the  Maclurea,  fragments  of  which, 
with  scattered  opercula,  occur  on  almost  every  surface. 

Among  bivalve  shells,  which  chiefly  belong  to  the  Arcadda,  a  very  interesting 
new  genus  has  rewarded  examination.  It  was  found  that  two  species  resembling 
Nucula  in  every  general  character,  differed  from  it  importantly  by  having  no  intemu 
ligament,  but  a  very  manifest  exterior  one* ;  one  of  these  shells  measures  three 
inches  across,  and  from  the  general  analogy  of  several  accompanying  species  it  is 
*  Mr.  S.  P.Woodwardy  of  the  British  Musenmi  tuggesto  that  MmeOs  may  oentsfai  these 
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believed  that  the  genus  will  be  found  common  in  the  Silarian  rocks,  and  will  indade 
manv  species  now  referred  to  Nucula.  It  might  be  called  Cienodonta.  Of  the  same 
family  also,  a  Lyrodesma  (a  genus  with  radiating  teeth  beneath  the  beak  and  syn- 
onymous Yii^Actinodmita,  Phillips)  is  closely  allied  to  a  Trenton  limestone  speciea, 
lliere  is  a  new  genus  probably  belonging  to  the  family  Arcacidse,  but  poBaessing 
only  two  or  three  anterior  teeth ;  the  collection  does  not  include  any  Avteulm.  Of 
the  few  lamelHbranchiate  shells  none  appear  quite  identical  with  those  from  New 
York ;  but,  as  might  be  eipected,  the  common  Brachiopoda  of  this  locality  are  those 
most  abundant  also  in  the  Trenton  limestone.  Orthia  trieenaria,  Conrad,  swarms  here, 
as  does  also  Leptana  fiUtexta,  Hall,  a  shell  very  like  the  common  L,  altemata  of  the 
Trenton  limestone,  but  reversed  as  to  the  convexity  of  the  respective  valves.  But  the 
latter  sheU,  so  abundant  in  New  York,  does  not  occur  here.  Atrypa  hempUeaia,  Hsdl, 
and  A,  increbreaceiu  are  tolerably  frequent ;  and  there  are  two  or  three  species  of  Or^ 
this,  and  some  small  Terebratula,  which  require  further  examination. 

llie  BeUerophons,  two  of  which  are  probably  identical  with  New  York  species,  are 
those  of  the  lowest  or  chazy  limestone,  namelv,  B,  (Bueanid)  nUcatina,  Emmons,  and 
J3.  rotundata.  Hall.  The  group  to  which  tnese  two  belong  is  that  of  which  the 
English  B.  dilatatua  is  a  familiar  type,  the  whorls  scarcely  envelopmg  each  other, 
and  the  mouth  wide  and  trumpet-shaped.  There  is  however  a  true  Belleropkou  ao 
like  B.  obtectw,  Phill.,  from  the  Ludlow  rocks  of  Pembrokeshire,  that,  but  for  its 
treble  size,  it  might  be  taken  for  it. 

Perhaps  one  of  the  most  interesting  of  the  mollusks  is  a  large  Cleodora,  quite  new 
to  America,  and  not  yet  described  as  such  from  Britain.  On  attentively  comparing 
the  American,  Irish  and  North  Welsh  specimens  of  this  fine  shell,  which  measures 
two  inches  across,  I  can  find  only  trivial  variations.  It  does  not  require  a  new  spe- 
cific name,  having  been  figured  from  an  imperfect  specimen  as  Atrypa  tranavena  by 
Portlock.  It  is  interesting  to  find  this  species  (which  of  course,  as  a  Pteropod,  had 
ready  means  of  migration)  in  the  two  countries.  There  are  but  few  other  species 
identical  with  those  of  Great  Britain,  but  I  think  I  recognise  Tlcr&o  troehleaiuM,  and 
perhaps  T.  iritorquattu,  M'Coy,  as  common  to  the  two  regions. 

Of  the  Cephalopoda,  the  remarkable  two-edged  Orthocertu,  called  Gimiocer^M 
anceps  by  Hall,  is  a  Black  River  limestone  species.  Cyrtoceras  is  common,  both 
smooth  and  ornamented  ;  C,  eamulatum  and  C.  lamellosum,  the  same  with  those  of 
Trenton;  Orthoceraa  arcuo-Uratum,  biUneatum,  and  laqueahm,  Hall,  are  Tkentaa 
limestone  species ;  and  lastly,  there  are  two  species  of  Omu>eera$,  Stokes,  the  larger 
of  which  is  in  all  probability  0.  tmuyilum.  Hall,  a  species  both  of  the  Black  River 
and  Trenton  beds. 

Schizocrimu  nodosus.  Hall,  of  the  Trenton  limestone,  is  the  common  crinoid  :  its 
stems  are  very  characteristic. 

Among  the  corals,  one  or  two  species  of  Sfreptokuma,  apparently  the  same  as 
those  of  New  York,  and  the  branched  varieties  of  Favositea  lycoperdon,  accompany 
those  before  mentioned ;  and  we  may  here  notice  the  ReceptacuUiea,  already  de- 
scribed by  Hall,  but  not  I  think  identical  with  R.  Nepttmi  of  Europe.  The  fine 
series  brought  home  by  Mr.  Logan  shows  all  the  structural  characters ; — ^the  circular 
expanded  form  and  cup-like  centre, — the  surface  composed  of  rhomboidal  plates, 
which  cohere  by  lateral  processes,  and  which  are  the  flattened  ends  of  separate  and 
equidistant  columns.  Unfortunately  the  entire  structure  b  replaced  by  cycloidal 
silex,  but  perhaps  it  will  by  careful  polishing  enable  us  to  see  if  it  be  reuly  a  coral, 
somewhat  of  the  character  of  the  T\ibiporida. 

To  crown  all,  these  are  slabs  full  of  the  large  Aaaphua  (laotelaa)  gigoa,  the  charac* 
teristic  trilobite  of  the  Trenton  rocks. 

Upper 'Silurian  itocX;^.— Ascending  the  Ottawa  to  the  head  of  Lake  Temiscamang 
and  so  crossing  the  granitic  axis  of  Canada,  the  first  fossiliferous  rock  that  presents 
itself  is  of  a  totally  different  character  to  that  last  described,  as  stated  by  Mr.  Login 
in  his  Report  of  Progress  for  1845. 

This  limestone  is  weathered  like  the  last ;  its  siliceous  fossils  also  stand  out  in  bold 
relief;  and  one  of  the  most  common  is  the  characteristic  crinoid  of  the  Trenton  lime- 
stone, Schixocrinua  nodoaua,  at  least  I  believe  I  am  correct  in  this  reference.  But  along 
with  this  are  abundance  of  Fwoaitea  gothkmdica,  Stromatopora  atriateUa,  Cyatko- 
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ph^Umn,  a  Heliolites  {Poritea),  with  small  tubes  ;  Syringopora  (Harmodiies)  with  Ha^ 
Ijfsiies  catemdaiui  {Catenipora  eacharoides),  and  Sirombodes  siriatus,  Milne  Edwards, 
fossils  characteristic  of  the  Niagara  and  Onondaga  limestones,  and  in  America  never 
found  in  the  lower  rocks ;  with  these  occur  Atrypa  reticularis  in  plenty,  a  Terehra* 
tula  with  three  raised  plaits,  and  very  rarely  a  Leptana  or  Strophomena,  One  or 
two  spiral  shells  recall  the  shapes  of  some  of  Hall's  species  of  Holopea,  but  are  too 
impeifect  for  identification  ;  and  there  is  a  long  spiral  shell,  like  Murehisonia  graeiUa* 
Sncrinurus  punctatua  is  the  only  trilobite. 

The  roost  striking  shell  perhaps  is  a  species  of  Ortnoceraa,  the  short  broad  siphun- 
cles  of  which  are  well  preserved,  while  the  shell  has  decayed ;  and  these  so  much 
resemble  those  figured  by  Dr.  Bigsby  and  Mr.  Stokes  in  the  Geological  Transactions, 
3nd  series,  vol.  i.  pi.  30, 'figs.  4, 5, 6, 7,  that  we  think  there  can  be  no  doubt  of  their 
identity.  And  it  is  very  interesting,  as  bearing  on  the  question  of  age,  that  ^ese 
were  found  at  Drummond  Island,  the  only  limestones  of  which  are  Upper  Silurian, 

Indeed  the  whole  aspect  of  this  collection,  small  as  it  is,  is  as  strikingly  Upper 
Silurian  as  that  of  the  former  one  was  Lower  Silurian.  The  preponderance  of  the 
Catenipora,  Favoaites  eoid  Stromatopora,  &c.,  is  chiiracteristic  of  the  higher  rocks,  and 
they  are  associated  with  Pentamerua  oblongua  (the  characteristic  fossil  of  the  Clinton 
group,  which  may  be  regarded  as  the  base  of  the  upper  division),  and  this  shell  in 
America  is  far  more  limited  in  its  vertical  range  than  it  is  in  Britain. 


Professor  £.  Forbes  exhibited  the  new  species  oiMaclurea  referred  to  by  Mr.  Salter, 
and  its  operculum,  and  stated  that  he  regarded  it  as  one  of  the  floating  forms  which 
appear  to  have  been  common  in  the  Silurian  period. 


On  the  Occurrence  of  a  Stratum  of  Stones  covered  with  Barnacles  in  the  Sed 
Crag  at  Wherstead,  near  Ipswich.    By  8ir  Charles  Lyell,  F.R.S. 

It  has  been  observed  that  in  the  Red  Crag  of  the  neighbourhood  of  Ipswich,  and 
generally  throughout  the  area  occupied  by  that  formation  in  Norfolk  and  Suffolk,  the 
marine  organic  remains  are  not  now  in  the  places  where  the  animals  to  which  they 
belonged  lived  and  died.  They  are  mixed  with  pebbles,  and  often,  like  them,  bear  the 
marks  of  having  been  rolled.  The  valves  of  the  bivalve  mollusca  are  found  detached 
one  from  the  omer,  and  neither  they  nor  the  univalve  shells  are  arranged  in  groups 
as  they  lived  at  the  bottom  of  the  sea.  The^  look  as  if  they  had  formed  portions  of 
shifting  sand-banks,  or  as  if  they  had  been  dnfted  from  some  other  place  to  that  where 
they  are  now  met  with.  Every  exception,  therefore,  to  so  general  a  rule  deserves  no- 
tice, and  I  shall  mention  one  now  to  be  seen  in  the  Crag  within  a  few  miles  of 
Ipswich,  about  500  yards  south  of  the  vicarage-house  of  Wherstead,  to  which  attention 
was  called  by  the  lUv.  Barhimi  Zincke  of  Wherstead.  The  shelly  red  crag  here  laid 
open  has  a  vertical  thickness  of  from  10  to  12  feet,  and  is  overlaid  by  8  feet  of  sandy 
and  gravelly  beds  without  fossils.  The  shelly  mass  presents  the  usual  characters  of 
this  formation,  and  among  others,  that  of  having  the  separate  valves  of  the  Peetun' 
eulu8f  Afaetra,  Cardita,  Peeten  and  Terebratula  with  their  concave  sides  turned  down- 
wards, almost  without  one  exception.  Near  the  top  ef  the  shelly  mass,  usually  within 
18  or  sometimes  8  inches  of  it,  a  stratum  occurs  consisting  of  imrounded  chalk  flints 
intermixed  with  some  well-rounded  flint  pebbles.  The  upper  portions  of  these  stones, 
which  are  of  various  sizes,  are  encrusted  with  barnacles  from  which  their  lower  sur- 
faces are  free.  The  barnacles  consist  chiefly  of  a  littoral  species,  Balanua  communia, 
and  another  nearly  allied  to  it.  The  longest  of  the  stones  obtained  by  Mr.  Zincke  from 
this  bed,  and  which  he  has  brought  to  the  meeting,  is  an  unrounded  chalk  flint,  mea- 
suring no  less  than  22  inches  in  length,  by  16  in  breadth,  and  7  in  height.  It  sup- 
ports on  its  top  and  sides  about  ten  groups  of  barnacles,  but  none  of  these  are  found 
on  the  under  side  of  the  stone,  where  it  must  have  rested  on  the  bottom  of  the  sea. 
The  same  remark  holds  good  in  regard  to  all  the  other  stones  and  pebbles  spread 
through  the  same  stratum.  Among  these  Mr.  Zincke  and  I  observed  a  small  copro* 
lite,  or  one  of  the  bodies  commonly  so  called,  the  top  of  which  was  covered  with  bar- 
nacles, while  all  the  lower  portion  was  smooth.  The  pebbly  stratum  containing  these 
Balani  is  overlaid  with  shelly  crag,  of  somewhat  fine  materials,  and  of  slight  thickness,  as 
1851.  5 
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before  stated.  From  the  above  facta  it  appears,  that  the  action  of  those  ciunrenta  wldA 
brought  the  principal  mass  of  crag  to  this  spot,  and  which  had  power  to  convey  to  it 
some  stones  of  no  ordinary  magnitude,  was  so  completely  suspended  for  a  time,  that 
even  the  smallest  and  lightest  pebbles  were  not  moved  or  overturned.  Had  anj  of 
them  been  turned  over  we  should  have  found  barnacles  on  the  lower  sides  of  tbeiii,8r 
perhaps  on  both  sides ;  nor  did  any  current  wash  away  the  loose  shelly  layer  thsl 
afterwards  covered  the  barnacle  bed.  The  Balantu  communis  is  a  littoral  species^  wad 
Mr.  Searles  Wood  informs  me  that  he  has  generally  met  with  it  in  the  upper  part  d 
the  Red  Crag,  Professor  £.  Forbes,  to  whom  I  have  shown  the  specimens,  says  t^ 
the  time  required  for  such  a  growth  of  barnacles  may  have  been  three  or  four  moothi, 
and  that  they  probably  lived  in  very  shallow  water,  if  not  between  high-  and  lom-waia 
marks.  «_^«. 

On  the  Scratched  and  Polished  Rocks  of  Scodand, 
^y  Sir  Roderick  I.  Murchison,  G,C,SuS.y  FJR.S^  Pres,  Creogr.  Soc 

The  author  first  gave  a  brief  sketch  of  the  whole  subject  of  abraded,  polished  anJ 
atriated  rocks,  to  which  for  many  years  he  had  paid  attention,  by  comparing  the  pbe- 
nomena  in  the  British  Isles  with  those  'seen  in  Scandinavia,  Russia,  the  Alps,  nd 
other  parts  of  the  continent.  He  showed  how  effects  which  had  been  ezchi^velr 
referred  by  Agassiz  and  others  to  the  action  of  ice  moving  on  land,  or  glaciera,  caA 
now,  in  the  vast  majority  of  examples,  be  better  accounted  for  by  the  agency  of  the 
melting  of  snow  and  ice,  the  driving  forward  of  ice-floes  by  powerful  currents,  aoi 
the  accompanying  translation  of  vast  quantities  of  drift  composed  of  gravel,  msd, 
sand,  and  erratic  blocks. 

Sir  Roderick  next  described  certain  polished  and  striated  rocks  on  the  north  titan 
of  Loch  Fyne,  which  he  had  examined  last  summer  in  company  with  the  Doke  of 
Argyll)  particularly  at  the  promontories  of  Kenmore  and  Penimore,  where  bosses  of 
tough,  crystalline  chlorite  schist  are  powerfully  abraded  and  rounded  oft  wherever 
they  face  to  the  £.N.£.  or  up  the  loch,  and  whose  surfaces  are  rugged  and  natural 
on  the  W.S.W.  or  towards  the  sea.  The  portions  of  these  rocks  which  hav«  been  so 
mechanically  ground  down,  exhibit  also  rudely  parallel  and  slightly  diverging  lines  of 
afriation,  showing  that  they  have  been  scored  and  fluted  as  if  by  the  passsge  over 
them  of  a  heavy  harrowing  mass  which  had  been  translated  from  £.N.£.  to  W.S.W^ 
and  the  chief  force  of  which  had  been  expended  on  the  faces  of  the  rocks  which  stood 
out  as  opposed  to  it.  The  author  then  referred  to  several  other  examples  of 
similar  appearances  in  other  parts  of  the  seaboard  of  the  West  Highlands,  particnlsriy 
on  the  sides  of  the  lochs  which  open  out  from  Ben  Cruachan  and  Loch  Etive  te 
Oban,  the  rounded  and  striated  surfaces  of  the  promontories  and  islets  being  invariably 
presented  towards  the  interior,  and  theirjagged  and  rough  faces  towards  the  sea.  He 
also  referred  to  his  writings  on  the  countless  examples  of  fweciaely  similar  phaeno- 
mena  in  Sweden,  in  which  flat  countrv  he  had  endeavoured  to  demonstrate^  ihat 
they  never  could  have  reauUed  from  the  action  of  terrsttrial  gladerM,  and  he  new 
applied  the  same  reasoning  to  the  lower  parts  of  Scotland. 

Alluding  to  the  lines  of  striation  cited  by  Mr.  Robert  Chambers  and  other  aathois 
as  occurring  in  the  eastern  counties  north  of  £dinbuigh,  where  the  direction  has  he  en 
from  west  to  east,  or  nearly  opposite  to  that  mentioned  on  the  west  coast.  Sir  Roderidc 
then  called  special  attention  to  a  fact  which  in  September  1850  came  under  the  notice 
of  Professor  Nicol  and  himself  near  Glenluce  in  Galloway.  There  the  sea-diort 
trends  from  west  to  east,  and  the  drift-marks  are,  as  in  the  other  cases,  more  or  lea 
at  right  angles  to  it,  being  directed  from  north  to  south.  In  all  these  cases  of 
striation,  gravel,  stones,  and  shingle  had  been  recently  removed  from  the  surface  of 
the  rocks.  From  these  data,  which  go  to  indicate  that  the  drifted  materials  had  io 
all  cases  been  derived  from  the  chief  adjacent  masses  of  land,  the  author  expressed 
the  opinion,  that  during  the  'glacial  epoch*  Scotland  probably  consisted  of  a  range  of 
rocky  hills  in  an  icy  sea,  which  by  successive  movements  from  different  centres  had 
thrown  off  dislocated  sheets  of  ice,  with  much  melted  snow  and  ice,  forming  a  detrital 
*  sludge*  or  drif^  which  had  been  poured  down  all  the  lateral  openings.  In  Scotland, 
therefore,  as  in  Scandinaria,  he  accounted  for  the  grinding  down  and  striation  of  the 
rocks  in  the  lower  gorges  and  on  the  lower  grounds  near  the  aea,  by  the  passage  of 
such  materials.    At  the  same  time  he  believes  in  the  former  eziatence  in  Scotland  of 
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short  tenrettnal  glaciers,  and  he  compares  the  ancient  condition  of  the  upper  end  of 
Loch  Fyne  and  other  salt-water  lakes  of  the  West  Highlands  to  the  present  fiords  of 
Norway,  where  snowy  ridges  terminate  seawards  in  glaciers  which  advance  to  near 
the  water's  edge.  A  sudden  upheaval  of  such  tracts  would,  in  dislocating  the  elaciers 
and  in  throwing  off  a  mixed  icy  drift,  he  contends,  produce  appearances  like  those  on 
the  coasts  of  Scotland.  .«.-__« 

On  new  Fossil  Mammalia  from  the  Eocene  Freshwater  Formatian  at 
HordweU,  Hants,    By  Professor  Owen,  F.R.S. 

The  specimens  described  were  from  the  collection  of  the  Marchioness  of  Hastings, 
and  belonged  to  the  genera  Paloplotherium,  Xiphodon^  Dichodon,  and  Hyanodon, 
The  genus  Paloplotherium  (Owen)  is  the  link  which  connects  the  Tapir,  Rhinoceros 
and  Palseothere  with  the  Hippothere  and  Horse.  It  differs  essentially  from  the  Ano-> 
plotherium  in  having  a  long  interval  between  the  molar  and  canine  teeth,  and  in 
having  the  external  nostril  formed  by  six  bones  instead  of  four.  From  Palseotherium 
it  differs  In  having  only  six  molars  on  each  side  of  the  upper  jaw.  Tlie  species  (P. 
armectens)  found  at  Hordwell  also  occurs  in  the  lignite  formation  of  Oargas,  V aucluse. 
The  genus  Dichodon  agrees  with  Anophtherium  in  having  an  uninterrupted  series  of 
teeth ;  remains  of  two  species  (D.  cuspidaius  and  dorcas)  have  been  found  at  Hordwell, 
Of  the  eenus  Xiphodon  an  almost  entire  lower  jaw  -(distinct  from  the  X.  gracilis  of 
Cuvier)  has  been  obtained ;  also  an  entire  lower  jaw  of  the  Ilyanodon, — a  genus 
**  so  remarkable  amongst  the  carnivorous  order  for  retaining  the  normal  formula  of 
the  dentition  of  monophvodont  placentals,  and  for  the  truw  carnassial  form  of  the 
three  true  molars."  The  Hordwell  specimen  agrees  with  the  If.  minor  of  M.  Genrais, 
from  the  lacus^ne  marls  of  Alais.      _ 

On  the  Fossil  Mammalia  of  the  Red  Crag.    By  Professor  Owek,  FM.S. 


On  the  Structure  of  the  Cray.    By  John  Phillips,  F.R.S. 

The  author  presented  in  the  first  place  a  general  view  of  the  geological  constitution 
cyf  the  country  round  Ipswich,  illustratins;  the  vertical  succession,  horizontal  area,  mi- 
nend  character  and  organic  contents  of  the  visible  strata,  the  lowest  of  which  is  chalk. 
Referring  then  to  the  admirable  labours  of  Mr.  Searles  Wood,  by  whom  the  numerous ' 
testacea  of  the  Crag  had  been  beautifully  described  and  figured ;  to  Professor  Owen, 
to  whom  the  distinction  of  many  unexpected  mammalian  forms  in  this  deposit  was 
due ;  and  to  Mr.  Colchester,  who  discovered  the  oldest  of  these  forms ;  to  Mr.  Charles- 
vortb,  who  first  classed  the  Crag  into  the  three  departments  of  Coralline,  Red  and 
Mammab'ferous  Crag ;  to  Lyell,  Forbes  and  Prestwich,  and  finally  to  Henslow,  who 
called  attention  to  the  now  very  profitable  mass  of  phosphatic  nodules  ('coprolites'), 
the  author  limited  his  following  remarks  to  certain  facts  in  the  physical  structure  of 
the  Red  Crag,  which  appeared  to  throw  a  definite  light  on  the  condition  of  the  waters 
and  sea  bed,  at  the  epoch  when  this  rich  shelly  deposit  took  place. 

First,  he  showed  that  the  London  clay,  the  general  base  of  the  whole  deposit  of  the 
red  and  coralline  crags,  had  been  enormously  wasted  by  the  sea,  and  reduced  to  a  thin 
portion  with  a  nearly  level  though  uneven  top.  On  this  the  red  crag  was  deposited, 
in  laminae  very  frequently  deviating  from  the  horizontal,  often  inclined  in  different 
directions,  more  or  less  filled  with  a  rude  mixture  of  shells,  entire  or  broken  or  worn, 
most  frequently  with  valves  separated ;  pebbles  of  flint  and  water-worn  lumps  of  bone, 
phosphatic  nodules,  sharks*  teeth,  and  a  variety  of  other  substances.  Towards  the  base 
of  the  deposit,  in  many  irregular  streams  or  veins,  the  larger  and  heavier  of  these 
nodules  were  often  collected  together,  and  sometimes  mixed  with  great  lumps  of  chalk 
flint.  Above  and  below  these  veins  of  (so-called)  coprolite,  was  usually  a  series  ot 
nearly  horizontal  bands  of  argillaceous  marl,  throwing 'out  water;  sometimes  two  of 
ihese  layers  of  nodules  occur,  the  lower  being  then  thickest.  In  other  places,  where 
coprolites  do  not  occur  in  abundance,  the  lower  parts  of  the  red  crag  are  formed  by 
alternating  thin  clays  or  loams  (probably  derived  from  the  London  clay  beneath),  and 
thin  bands  of  coarse  shelly  crag.  Thus,  intervals  of  comparative  tranquillity  are  seen 
to  have  intervened  between  recurring  periods  of  watery  agitation.  In  the  liighesf 
parts  of  the  deposit  a  vast  variety  of  ue  afiects  of  agitated  water  occur,  and  proof  at 
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every  step  of  deposition  disturbed  by  drifting.  Selecting  from  a  Tariety  of  i 
two  cases  of  interest,  the  author  described,  above  the  middle  of  the  red  cng,  a  1 
some  feet  in  thickness  which  was  traceable  for  half  a  mile  on  the  Felizstov  clii^  and 
had  in  uU  that  range  apparently  one  direction  of  the  inclination  of  its  laminae,  tIx.  to 
the  S.W.  or  nearly  so,  and  iu  several  parts  of  this  range  showed  these  laminae  to  be 
curved,  with  the  concavity  upwards,  the  inclination  of  each  lamina  being  greatest  near 
the  surface  (30^,  and  thence  declining  away,  so  as,  in  the  space  of  30  or  40  jrards,  to 
become  horizontal. 

This  result  the  author  showed  to  be  analogous  to  what  happens  in  certain  beaches  of 
modern  date,  and  is  in  fact  exemplified  on  the  very  beach  which  extends  below  the 
crag,  and  is  now  spreading  out  continually  further  to  sea.  Another  interesting  cha- 
racter of  the  mechanical  conditions  under  which  red  crag  was  deposited,  Is  found  in  the 
Eoeition  occupied  by  the  separated  pieces  of  bivalve  shells.  These  (as  first  pointed  oat 
y  Mr.  R.  Johnson  in  the  Proceedings  of  the  Geological  Society)  were,  when  in  a  state 
of  tolerable  completeness,  very  commonly  found  with  their  concave  sides  downwards, 
a  position  which  the  observer  alluded  to  conceived  to  be  inconsistent  with  this  arraiife' 
ment  of  water,  and  ascribed  to  currents  of  wind.  Professor  Phillips  showed,  onuie 
contrary,  by  mechanical  considerations,  and  by  references  to  actual  experiments,  thai 
this  was  the  very  position  which  such  shells  must  and  do  take  up  in  finally  settling  to 
rest  from  frequent  agitation  in  water,  such  as  happens  on  a  sea  beach;  and  that  no 
other  explanations  ought  to  be  admitted.  Abundant  proof  of  this  was  afforded  by 
trials  with  the  crag  shells  and  recent  shells  on  the  beach  at  Felixstow.  In  some  places, 
alteniating  with  these  inclined  laminae,  and  defining  them,  were  laminae  of  loam  or 
micaceous  sands  not  shelly— evidently  due  to  subsidence  from  muddy  waters  aettlmg 
to  comparative  quiet.  Thus  again  intervals  of  agitation  and  comparative  repose  were 
proved  to  have  alternated,  and  this  iu  a  way  to  correspond  with  what  is  observed  on 
modem  beaches. 

In  regard  to  the  conditions  of  land  and  sea  during  the  accumulations  of  red  crag, 
the  author  stated  in  general  terms  his  opinion  that  those  deposits  took  place  In  a  sort 
of  shallow  bay,  receiving  matters  from  wasting  cliffs  and  snifling  shellv  sands,  by  a 
current  varying  in  intensity,  and  subject  to  one  or  more  specially  tumultuous  epochs. 


Lieut-Colonel  Portlock  exhibited  Fossils  collected  by  Mr.  E.  Rubidge  at  Snnday 
River,  on  the  Cape  frontier.  They  consisted  of  marine  shells  of  tlte  genera  Awumo^ 
niles,  QryphcBG,  Pholadomya  and  Trigonia ;  and  plants  of  the  genera  Zamia^  Neta^- 
pteriif  Pecopteris  and  Sphenopteris.  The  shells  were  apparently  of  Jurassic  age ;  the 
plants  had  been  exanlined  by  Dr.  Harve}',  and  the  species  of  NeuroplerU,  PeeopUrU 
and  Sphenopieru,  were  regarded  as  chiefly  resembling  those  of  the  coal  of  Australia, 
whilst  the  presence  of  the  genus  Zamia  in  abundance  impresses  an  oolitic  aspect  oa 
the  flora.  

ExplieaHon  dun  TaUeau  de  P Etude  MModique  de  la  Terre  et  du  SoL 
By  IVL  Constant  Provost. 

Mr.  Prestwich,  at  the  request  of  the  President,  explained  that  M.  Provosts  object 
was  to  introduce  uniformity  into  geological  nomenclature,  and  also  to  give  a  mms 
distinct  meaning  to  scientific  terms.  At  present  each  country  had  its  own  nomeo' 
clatture,  and  many  of  the  terms  in  use  were  invented  afa  time  when  the  science  was 
one  of  imagination.  M.  Provost  had  always  advocated  the  view  that  causes  now  in 
action  were  sufficient  to  account  for  all  the  phoenomena  of  the  older  rocks;  at  the  same 
time  he  started  with  the  supposition  that  the  earth  was  originally  in  an  extremely 
heated  condition.  Round  this  heated  globe  a  thin  crust  {tol)  was  formed,  and  gradu- 
ally thickened  by  sedimentary  deposits  going  on  in  all  times,  whilst  volcanic  outoreakj 
were  continually  occurring  from  the  interior.  M.  Provost  divided  all  the  strata  into 
systems  or  series  {terrains),  representing  periods  of  time,  each  necessarily  including 
marine,  fluvio-marine,  freshwater,  terrestrial  and  volcanic  deposits  {formations).  But 
although  the  causes  of  each  of  these  kinds  of  deposit  must  have  been  in  operation 
during  every  past  epoch,  it  may  be  doubted  whether  we  shall  ever  discover  the  equi- 
Talents — Ireshwater,  terrestrial,  volcanic,  &c.«— of  every  one  of  the  known  marine  Ibr- 
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Tbe  Rev.  T.  RaDkin  stated  that  the  parish  church  of  North  Dalton,  near  Beverley, 
etands  on  a  small  mound  with  a  pond  below.  Tbe  mound  is  a  mass  of  chalky  gravel, 
usually  supposed  to  be  artificial,  but  the  writer  regards  it  as  a  mass  of  drift  left  by 
currents,  and  assigned  his  reasons  for  the  opinion. 


Mr.  C.  B.  Rose  exhibited  the  Antler  of  a  Rein-deer,  foimd  by  Captain  Alexander 
below  the  cliff  near  South  wold,  and  probably  derived  from  the  glacial  deposits  of  which 
the  upper  part  of  those  cH£&  is  formed.  As  it  was  the  first  occurrence  of  the  animal 
in  Suffolk,  he  presented  the  specimen  to  the  Ipswich  Museum.  He  also  showed  a 
very  small  recent-looking  antler  of  a  fallow-deer  obtained  from  a  fen  at  Roy  don,  near 
Diss.  It  was  found  at  the  depth  of  4  or  5  feet,  associated  with  remains  of  the 
Red-deer,  Roebuck  and  Ox.  Mr.  Rose  quoted  the  opinion  of  Dr.  Fleming,  that  the 
fallow-deer  was  a  native  of  liritain*  j  Dr.  F.  having  referred,  among  others,  to  Lesley 
(De  Or.  Scot.  p.  6),  who  mentions,  among  the  objects  which  the  huntsman  pursued 
with  dogs,  "Cer\'um,  damatn,  aut  capream;"  in  which  he  was  supported  by  Mr. 
Strickland,  who  remarked  also,  that  the  Rein- deer  had  been  found  with  the  Irish  Elk 
in  the  marl  under  a  peat  bog  on  tbe  coast  of  Holderness. 


On  KHfwlogy  in  reference  to  ihe  Bavarian  Alps. 
By  Dr.  Schafhaeutl,  of  Munich. 

The  Alps  surpass  all  other  European  mountains  both  in  grandeur  and  in  complexity 
of  geological  structure.  Their  central  ranges  consist  chiefly  of  crystalline  and  meta- 
morphic  rocks, — their  borders  of  sedimentary  strata ;  some  of  the  newest  of  these  strata 
have  the  greatest  breadth,  elevation,  and  mass,  attaining  a  height  of  10,000  feet  above 
the  sea.  Fossils  are  of^en  very  scarce ;  and  when  they  do  occur,  those  of  several  for- 
mations have  become  mixed  together,  on  account  of  the  frequent  repetition  of  the 
formations  by  mechanical  displacement.  Dr.  Schafhaeutl  recommends  the  study  of 
the  intimate  structure  of  the  beds, — a  mode  of  investigation  which  be  terms  "  Klino- 
logy."  It  has  long  been  admitted  that  the  newer  rocks  have  generally  a  lower  specific 
gravity,  and  are  less  compact  or  crystalline  than  the  older  strata ;  and  the  remarks  of 
£hrenberg  have  shown  that  the  microscope  may  be  employed  to  detect  minute  struc' 
tural  as  well  as  organic  peculiarities.  Kven  by  placing  rock  specimens  in  distilled 
water,  outlines  and  designs  may  be  brought  out  which  were  before  invisible ;  and  still 
more  may  be  learned  by  the  application  of  hydrochloric  acid,  or  by  studying  weathered 
aurfaces.  As  examples  of  the  importance  of  attending  to  minute  characters,  the  author 
mentioned  that  the  red  sandstone  of  Jiercbtesgaden  had  been  considered  the  equiva* 
lent  of  the  old  red  schists  of  Salzburg ;  but  he  had  detected  the  existence  of  green 
particles  in  this  sandstone  ,*  and  had  traced  them  to  a  distance  increasing  in  numbers 
until  the  red  sandstone  became  green,  and  was  clearly  recognizable  as  a  lower  mem<« 
ber  of  the  Cretaceous  group.  In  a  similar  manner  he  had  ascertained  that  the  black 
lias-like  schist  of  M.  Beseler,  in  the  western  Bavarian  Alps,  was  also  *'  greensand." 
Microscopic  fragments  of  characteristic  shells,  like  the  Caprofinaf  bad  been  found  by 
him  where  entire  specimens  were  wanting;  and  in  some  of  the  lofty  Alpine  limestones 
which  are  destitute  of  fossils,  he  had  detected  microscopic  remains  which  showed  their 
oriffin,  like  that  of  the  chalk  formation,  to  have  been  intimately  connected  with  "  the 
wide-spread  and  powerful-working  spirit  of  life  developing  itself  in  forms  invisible  to 
the  unassisted  eye."  '  

On  the  Geoloffy  of  a  part  of  the  ffimalava  and  Thibet. 
By  Captain  Strachey,  Bengal  Engineers. 

Captain  Strachey  pointed  out  on  a  large  map  the  great  elevated  region  of  Central 
Asia,  extending  from  the  sources  of  the  Oxus  to  the  Yellow  River  of  China ;  bounded 
on  the  north  bv  the  Kouenlun  mountains,  on  the  south  by  the  Himalaya,  which  form 
the  southern  face  of  the  elevated  region,  rather  than  a  separately  existing  chain. 
Little  is  known  of  the  interior  and  northern  part  of  the  region,  but  it  appears  to  be 
broken  up  into  a  mass  of  mountains,  where  valleys  as  well  as  the  ridges  have  a  very 

*  The  fallow-deer  it  usually  considered  to  have  been  introduced  from  the  Bast ;  it  is  re> 
meseoM  on  om  <rf  the  Nineveh  marblcf.    No  unequivocal  remains  have  been  fbund  foeiil 
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great  elevation.  The  obserrations  of  the  author  relate  to  the  centre  of  the  Himab^aa 
chain,  between  the  river  Kalee  and  the  Sutlej,  a  space  of  200  miles,  and  9Xteomg 
N.W.  from  the  plain  to  a  distance  of  120  miles. 


Oh  some  Tubular  Cavities  in  the  Coralline  Crag  at  Sudboume  and  Gedgrave  i 
Suffolk.    By  8BARLB8  V.  Wood,  F.G^. 


BOTANY  AND  ZOOLOGY,  including  PHYSIOLOGY. 

Botany. 

On  the  Morphology  of  the  Fruit  in  the  Crucifera,  as  illustrated  by  a  Monstrosiiy 
in  the  Wallflower.    By  Professor  G.  J.  Allman,  M.D.,  M.RJCui, 

Professor  Allman  laid  before  the  Section  a  singular  monstrosity  which  recently  oc- 
curred to  him  in  a  plant  of  common  wallflower  growing  in  the  Botanic  Gardem  of 
Trinity  College,  DubRn,  and  which  appeared  to  throw  considerable  light  oa  the  mm^ 
phology  of  the  fruit  in  the  Cruciferse.  The  monstrosity  consisted  in  the  converaion  of 
the  six  stamina  into  carpels,  which  faced  the  axis  of  the  flower  and  carried  ovules  on 
both  margins :  in  the  greater  number  of  instances  these  carpels  were  imperfectly 
closed,  and  were  united  by  their  margins  into  a  tube  which  formed  a  complete  abeatii 
surrounding  the  pistil.  In  other  cases  however  the  adventitious  carpels  remained 
distinct^  and  eacn  was  then  seen  to  be  composed  of  an  ovary,  style  and  stigma.  It 
was  also  evident  that  the  ovary  with  the  short  style  resulted  from  the  transformation 
of  the  filament,  while  the  stigma  was  plainly  a  transformed  anther;  but  what  was 
especially  interesting  was  the  distinctly  bilobed  condition  of  the  stigma  in  these  soli- 
tary carpels ;  each  lobe  was  evidently  derived  from  a  corresponding  lobe  of  the 
transformed  anther,  and  was  placed  opposite  to  the  marginal  row  of  ovules ;  the 
stigma  indeed  here  closely  resembled  that  of  the  normal  fruit,  and  ofiered  a  very  ob- 
vious  explanation  of  the  anomalous  fact,  that  the  stigmata  in  the  latter  appear  to  be 
situated  opposite  to  the  placenta.  We  have  only  to  suppose  two  of  these  adventitioiis 
and  imperfectly-closed  carpels  to  unite  face  to  face,  ana  a  stigma  with  the  exact  lbr> 
mation  which  we  find  in  the  normal  fruit  of  the  Cruciferse  will  be  the  result  Tlie 
latter  therefore  is  evidently  formed  of  two  bilobed  stigmata,  united  so  completely  as 
to  obliterate  the  traces  of  union,  while  the  bilobed  condition  of  the  individoaf  stigmata 
is  in  no  respect  interfered  with ;  so  that  what  appears  as  a  simple  element  in  the 
compound  stigma  of  the  cruciferous  pistil  is  realty  composed  of  two  half-elements, 
namely,  one  lobe  of  each  of  the  two  elementary  stigmata.  This  opinion  has  alreatfyhad 
its  advocates,  but  it  seems  to  have  been  hitherto  urged  on  purely  theoretical  grounds. 
From  all  this  it  would  seem  further  to  follow  that  me  ovary  of  the  cruciferous  carpel 
corresponds  to  a  petiole  or  phyllodium,  while  the  bilobed  stigma  will  represent  the 
lamina  of  the  carpellary  leaf. 

In  many  of  the  adventitious  and  imperfectly-closed  carpels  a  membranous  ex- 
pansion extends  inwards  from  each  margin  over  the  concavity  of  the  carpel,  but 
without  uniting  with  that  from  the  opposite  margin.  These  expansions  correspond 
to  the  spurious  dissepiment  of  the  normal  fruit,  and  are  here  plainly  seen  to  be 
derived  from  the  placentas.  _.__^ 

Oa  some  Facts  tending  to  show  the  probability  of  the  Conversion  of  Asci  into 
Spores  in  certain  Fungi.  By  the  Rev.  M.  J.  Ber^blbt  and  C.  £.  Baooint 

After  alluding  to  the  observations  of  other  botanists  on  this  subject,  the  authors 
communicated  as  follows.  The  species  which  have  afibrded  the  materials  for  the 
following  remarks  are  more  especially  three,  viz.  Tymvanit  Maligna^  Tode ;  Spkteria 
inquinaMf  Tode;  and  Hendersonia  mutabilis,  Berkeley  and  Broome.  J\fmp€mu 
Maligna  scarcely  difiers  from  a  lichen,  except  in  the  total  absence  of  a  crust,  and 
consequently  of  gonidia*  lu  apothecia  are  at  first  closed,  but  at  a  later  period  of 
growth  the  fructifying  disc  or  bymenium  is  exposed.  On  the  same  twig,  in  this  in* 
sunce  of  the  common  Privet,  some 'specimens  exhibited  all  the  characters  of  I^ 
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pants,  and  others  those  of  Diplodia,  Ai  long  as  the  naked  spores  occurred  only  in 
specimens  in  which  the  disc  was  not  expanded,  this  caused  no  surprise,  as  nothing  is 
more  common  than  to  find  Spherise  ana  Diplodiae  on  the  same  matrix,  which  cannot 
be  distinguished  externally ;  but  further  examination  exhibited  the  proper  fructifi- 
cation of  Diplodia  in  specimens  with  an  open  disc,  a  character  quite  at  variance  with 
tiiat  of  the  genus,  and  then  the  same  hymenium  was  detected  producing  rather  large 
uniseptate  naked  spores,  and  broad  elongated  asci  exceeding  them  many  times  in 
length,  and  containmg  a  multitude  of  minute  oblong  sporidia.  Prof.  Fries,  in  a  letter 
lately  received,  informs  us  that  he  has  observed  a  similar  fact  in  **  Hendersonia  Sy^ 
ritiffa."  The  circumstance  of  the  constant  or  occasional  occurrence  of  Uredo  and 
Puccinia,  Uredo  and  Aregma^  Uredo  and  Xenodochus,  or  two  species  of  the  same 
genus  in  the  same  spot,  may  be  adduced  as  analogous ;  but  where  there  is  no  peri« 
thecium,  the  occurrence  of  two  species  on  the  same  spot,  of  the  same  matrix,  is  not 
matter  of  so  much  surprise,  though  suggestive  of  further  consideration.  The  case, 
however,  of  Sp/ueria  inquinana,  which  we  have  now  to  bring  forward,  is  still  stronger. 
This  species  and  Siilbospora  macrotperma  were  extremely  abundant  on  an  old  elm  at 
Batheaston  in  January  last.  Not  only  were  they  so  intermixed  as  to  make  it  diffi- 
cult— from  the  close  resemblance  of  the  fruit,  that  of  the  one  being  merely  a  little 
more  elongated,  and  in  a  very  slight  degree  more  attenuated  at  either  extremity,  with 
rather  a  browner  tinge — to  say  at  once  which  was  the  Spharia,  which  the  Siilbospora, 
but  the  same  orifice  in  the  bark  gave  egress  both  to  the  sporidia  of  the  one  and  the 
spores  of  the  other.  At  the  base  of  the  spores  of  the  StUbospora,  where  they  are  seated 
on  their  sporophores,  firom  one  to  three  short  sheaths  were  observed,  as  if  the  spore  had 
burst  through  one  or  more  enveloping  membranes ;  but  not  only  was  the  Siilbospora 
produced  in  the  same  portion  of  tne  bark  as  the  SpJueria,  or,  perhaps,  to  speak  more 
correctly,  in  the  same  stroma^  but  in  one  case  it  was  actually  developed  on  the  ex- 
ternal surface  of  aperithecium,  the  inner  surface  giving  rise  to  perfect  asci  with  their 
proper  sporidia.  In  a  certain  stage  of  growth  the  sporidia  of  the  Sphseria  are  fur- 
nished at  either  extremity  with  a  cirrhiform  appendage,  but  this  is  not  always  visible 
in  the  ejected  mass  which  surrounds  the  common  orifice  of  the  perithecia.  Analogous 
appendages  occur  in  some  other  species.  The  third  case  to  which  we  invite  att«:ntion 
is  ffendersonia  muiabilis,  a  species  which  occurs  on  twigs  of  Plane.  The  main  peri- 
thecium  contains  one  or  more  cavities  more  or  less  isolated,  which  produce  far  smaller 
hyaline  bodies,  and  which  do  not  accord  with  the  genus  Render sonia,  but  rather  with 
Phoma,  This  is  not  indeed  a  case  bearing  upon  the  conversion  of  asci  into  spores, 
but  is  interesting  as  exhibiting  one  perithecium  within  another ;  and  whether  consi- 
dered as  a  new  cell  developed  within  the  old  one,  and  consequently  containing 
younger  spores,  a  view  at  first  adopted,  but  which,  on  mature  consideration,  seems 
scarcely  tenable,  or  as  two  forms  of  spores  both  belonging  to  the  same  species,  but 
produced  in  distinct  cavities,  or,  finally,  as  two  genera  united  within  the  same  com- 
mon receptacle,  is  full  of  interest.  We  are  not  prepared,  as  in  the  last  case,  to  say 
that  the  same  wall  from  its  two  sides  produces  different  forms  of  fruit,  though  in  some 
sections  the  two  fertile  surfaces  are  so  confluent  above,  that  it  is  very  probable  that 
the  same  fact  will  be  found  to  obtain  here  also.  These  instances  certainly  seem  to 
indicate  rather  a  transformation  of  organs  than  any  totally  distinct  productions,  a 
view  indeed  which  is  not  at  variance  with  the  possibility  of  the  transformed  organs, 
being  an  indication  of  sexual  functions,  if  we  may  be  allowed  to  form  any  inference 
from  known  analogies  in  the  animal  world.  Dr.  Hooker,  when  examining  the  fruit 
of  LaminarisB  on  his  return  from  the  antarctic  expedition,  felt  convinced  of  the  possi- 
bility of  the  transformation  of  an  ascus  into  a  spore,  a  view  entertained  long  since  by 
Fries,  and  which  is  supported  by  those  instances  in  fungi  and  lichens  where  a  single 
nioTe  only  is  developed  in  an  ascus.  The  difference  in  the  analysis  of  the  genus 
Spfutrophoron,  as  given  by  Dr.  Montague  in  the  *  Annales  des  Sciences  Naturelles/ 
and  by  Dr.  Hooker  in  the  *  Antarctic  Flora/  is  probably  due  to  a  similar  change;  the 
former  exhibiting  true  asci  containing  sporidia,  the  latter  ihoniliform  threads,  breaking 
up  into  spores..  In  earlier  times  the  analysis  of  one  would  have  been  pronounced 
erroneous,  but  the  present  age,  with  deeper  knowledge  of  the  apparent  anomalies  ex- 
hibited by  Nature,  and  consequently  a  greater  measure  of  diffidence,  regards  such 
discrepancies  as  calls  to  further  investigations,  and  as  the  possibly  available  keys  for 
tha  ftoiuti^ii  of  difflcaltiea  whMh  have  ^ea  hitherto  insurmountable. 
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On  a  MonstrosUy  o/*Lathyrus  odoratus. 
By  Edwin  Lankester,  MJ)^  F.R.S. 

This  specimen  was  presented  to  the  Section  by  John  King,  Esq.,  of  Ipswich,  in 
ffarden  it  had  grown.  The  papih'onaceous  petals  were  reduced  to  mere  scales. 
Sic  calyx  assumed  a  less  developed  and  perfectly  regular  form.  The  stamens  were  no 
longer  diadelphous,  but  regular,  10  in  number,  and  arranged  in  two  rows.  The  car- 
pels were  reauced  to  the  condition  of  a  single  leaf,  on  which  were  seated  mdimenCair 
ovules.  The  leaves  and  branches  were  not  so  large  or  expanded  as  is  usual  vita 
healthy  specimens  of  this  plant.  

On  ihe  Theory  of  the  Formation  of  Wood  and  the  Descent  of  the  Sap  in  PicaUs, 
By  Edwin  Lankester;  M.D^  F.R.S, 

The  author  drew  attention  to  the  theory  of  the  formation  of  wood  in  plants,  and 
objected  to  the  view  that  the  leaves  form  the  wood,  on  the  ground  that  the  ligneons,  like 
all  other  tissues,  were  the  result  of  the  growth  of  cells,  which  were  not  formed  in  the 
leaves;  but  wood  was  formed  in  all  parts  of  the  plant  where  elongated  cells  were  ge- 
nerated, quite  independently  of  leaves  or  the  formation  of  leaves ;  as  in  the  lower  part 
of  the  cut  wounds  of  the  stems  of  plants,  in  the  portions  of  trunks  left  when  trees  wen 
cut  down,  in  the  abortive  branches  formed  in  the  bark  of  such  trees  as  the  elm  and  tbe 
cedar,  and  in  the  other  parts  of  the  vegetable  stnicture.  He  also  objected  to  the  theory 
of  the  formation  of  the  ligneous,  or  any  other  secretion,  which  might  be  suhseqaently 
appropriated  by  the  cells,  in  the  leaves  alone.  He  maintained  that  all  the  facts  brought 
forward  to  support  the  theory  of  the  descent  of  the  sap  might  be  explained  on  the 
known  fact  of  tne  ready  permeability  of  the  tissues  of  the  plant.  He  related  the  de- 
tails of  experiments  performed  on  the  species  of  spurge,  in  which  the  fluid  was  found 
to  exude  from  the  stem  and  branches  in  these  plants  just  in  proportion  to  the  quantity 
of  fluid  contained  in  the  plants  above  or  below  the  section  made.  The  cells  of  plants 
were  nourished  in  two  ways : — first,  by  the  sap  containing  carbonic  acid,  ammonis^ 
and  other  substances ;  and  secondlv,  by  materials,  as  su&^ar,  gum,  &c.,  formed  in  the 
cells.  These  latter  were  not  formed  solely  in  the  leaves,  but  in  all  cells.  He  regarded 
the  leaves  as  organs  by  which  the  water  of  the  sap  was  got  rid  of,  and  by  this  means  a 
further  supply  of  sap  from  the  earth  and  atmosphere  was  ensured.  This  function  was 
performed  in  subservience  to  changes  which  were  attributed  to  a  specific  vitality.  It 
was  unphilosophical  to  speak  of  vitality  as  a  force  when  it  could  not  be  demonstrated 
to  exist,  and  especially  when  physical  forces  were  capable  of  explaining  the  phe- 
nomena.   

iVofef  on  the  Botanical  Geoyraphy  of  part  of  the  Btmalaya  and   TSbeL 
By  Major  E.  Madden  and  Captaiu  K.  Strachey,  Bengal  Engineers 

This  paper  was  illustrated  by  a  sectional  drawing  of  the  Himalaya  mountains,  from 
the  plains  of  India  to  Tibet,  passing  through  the  British  province  of  Kum&on,  on  which 
the  names  of  the  more  striking  plants  were  inserted  at  the  elevations  where  they  were 
found.  The  section  commencing  from  the  southern  face  of  the  mountains  first  repre- 
sented the  band  of  forest  that  skirts  their  foot,  chiefly  composed  of  the  trees  of  tropics! 
India.  Ascending,  we  find  foims  of  temperate  climates  gradually  introduced  above 
3000  feet,— PiMi/«,  Rosa.  Ruhua,  Oaky  Berberis,  Primula,  &c.  At  5000  feet  the  ar- 
boreous vegetation  of  the  plains  is  altogether  superseded  by  such  trees  as  Oak,  Rho- 
dodendron, Andromeda,  Cypress  and  Pine.  The  first  ridge  crossed,  ascends  to  a 
height  of  8700  feet  in  a  distance  of  not  more  than  10  or  12  miles  from  the  terminatioa 
of  the  plains.  The  European  character  of  the  vegetation  is  here  thoroughly  established, 
and  although  specific  identities  are  comparatively  rare,  the  representative  forms  are 
most  abundant.  On  a  part  of  this  ridge  is  found  a  Palm,  that  on  some  mountains, 
not  &T  off;  attains  a  height  of  50  feet  at  an  elevation  of  more  than  8000  feet  above  the 
sea,  where  it  is  every  year  covered  with  snow.  Passing  onwards  we  enter  a  zone  of 
less  elevation  which  is  comparatively  devoid  of  wood,  and  is  chiefly  devoted  to  agri- 
culture. The  climate  is  not  very  dissimilar  to  that  of  Northern  India,  but  not  neariy 
BO  hot,  and  many  species  of  tropical  plants  occur.  Crossing  another  ridge,  similar  in 
its  vegetation  to  that  first  mentioned,  we  descend  into  the  valley  of  the  Saijte»  one  of 
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the  risers  that  penetrate  at  a  very  low  level  far  into  the  interiori  carrying  with  them 
a  tropical  vegetation  into  the  heart  of  the  mountains.  This,  however,  is  considerahly 
modified  by  the  height  and  hy  the  greater  humidity.  We  thus  find  Pines  and  Palms, 
Oaks  and  Maples,  growing  with  the  ordinary  trees  of  the  plains,  and  a  similar  confusion^ 
6f  the  flora  of  the  temperate  and  torrid  zones  holds  with  the  shruhs  and  herbs.  Fronn 
this  valley  we  pass  into  that  of  the  Pindar,  which  we  follow  up  from  7500  feet  to  its 
source  in  a  glacier  at  12,000  feet  From  7500  to  11,000  feet,  the  region  of  Alpine 
forest,  the  trees  most  common  are  Oak,  Horse-chestnut,  Elm,  Maple,  Pine«  Yew» 
Hazel  growing  to  a  large  tree,  and  many  others.  They  often  grow  to  a  very  large 
size,  and  the  forest  is  usually  far  finer  than  in  the  lower  mountains.  At  about  11,500 
feet  the  forest  ends ;  Picea  Wehbiana  and  Beiula  Bhqjpatra  being  usually  the  last  trees. 
Shrubs,  however,  continue  in  abundance  for  about  1000  feet  more,  at  about  12,000 
feet  the  vegetation  becoming  almost  entirely  herbaceous.  On  this  southern  face  of 
the  mountains  the  snow  line  is  probably  at  about  an  elevation  of  15,500  feet.  The 
constant  condensation  of  vapour  on  this  face  causing  a  very  humid  climate,  the  vege- 
tation is  very  luxuriant,  and  the  great  riches  of  the  Himalayan  flora  are  found  in  this 
region.  As  we  pass  to  the  north  of  the  great  snowy  peaks,  we  leave  behind  us  this 
vet  climate  and  enter  a  country  that  very  soon  becomes  equally  remarkable  for  its 
extreme  aridity.  In  the  valley  of  the  Gori,  into  which  we  next  pass  at  an  elevation 
of  11,500  feet,  we  find  that  several  Tibetan  plants  have  appeared,  the  flora,  however, 
having  become  vexy  poor.  The  gorges  that  lead  to  the  great  passes  into  Tibet  are 
almost  devoid  of  vegetation.  The  highest  dicotyledonous  plant  noticed  on  this  route 
was  at  about  17;50()  feet,  probably  a  species  of  Echinotpermum ;  an  Urtica  also  is 
common  at  these  heights.  The  snow  line  here  recedes  to  18,500  or  19,000.  In  Tibet 
itsel(  the  vegetation  is  scanty  in  the  extreme,  consisting  chiefly  of  Caragana,  Ariemi^ 
SUB,  Asiragali,  a  few  Graminea,  PotentiUea,  &c.  The  plain  to  the  north  of  the  Hi- 
malaya is  almost  a  desert,  not  more  than  one-twentieth  of  the  surface  being  clothed 
with  vegetation,  and  that  of  the  most  miserable  sort,  the  bushes  seldom  rising  above  a 
foot  in  height.  The  cultivation  of  barley  extends  to  a  height  of  14,000  feet.  Vege- 
tation ends  at  about  17,500  feet,  the  highest  plants  being  Corydalis,  Cruciferse,  Nepeta» 
Sedum,  and  some  few  others.  ___ 

On  the  Botanical  Geography  of  WesUm  Tibet. 
By  Thomas  Thomson,  if./).,  EJ.C.S. 

A  section  of  this  country,  similar  to  that  which  accompanied  Capt.  Strachey's  paper, 
was  also  exhibited.  It  extended  on  a  line  nearly  north  and  south  from  the  upper  part 
of  the  Chenab  river  to  the  K&ra  Korum  pass  on  the  Konelun  chain  of  Humboldt 
The  chain  to  the  south  of  the  Chenab,  rismg  to  an  elevation  of  15,000  feet,  excludes 
•  considerable  quantity  of  humidity  from  the  valley  of  that  river,  and  the  vegetation, 
though  not  altogether  losing^  its  truly  Himalayan  character,  becomes  much  modified. 
Thus  the  Oaks,  Rhododendrons,  and  Andromeda,  so  common  on  the  southern  moun- 
tains, are  not  found ;  while  fruit-trees  become  more  abundant,  and  the  Grape-vine 
ripens  its  fruit  admirably.  Passing  to  the  north,  the  next  ridge  that  is  crossed  reaches 
a  height  of  from  20,000  to  22,000  feet,  the  passes  being  usually  upwards  of  18,000 
feet  in  elevation.  To  the  north  of  this  range  the  climate  and  vegetation  suddenly 
change,  and  the  Tibetan  types  are  at  once  established.  The  general  character  of 
the  Flora  is  Europeo-Siberian,  but  much  modified  by  the  extreme  aridity  which, 
almost  excludes  trees  and  shrubs ;  it  hardly  exceeds  500  or  600  species  in  sJl.  The 
chief  groups  are  JBoraginese,  Chenopodiaces,  Cruciferse,  Astragaline  Leguminosse,  and 
Artemisoid  Compositse.  The  few  trees  consist  of  a  Poplar,  confined  to  the  more  shel- 
tered ravines,  and  an  occasional  Juniper  on  the  hill  sides.  The  more  common  shrubs 
are  Lonicera,  Tamarix,  Myricaria  and  Hippophae.  The  high  Alpine  herbaceous  flora 
is  almost  strictly  Siberian,  and  is  a  little  more  varied  and  copious  than  in  other  parts 
of  this  region,  m>m  the  additional  moisture  derived  from  the  melting  of  the  snow.  It 
extends  sometimes  even  to  a  height  of  18,500  feet. 
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Zoology. 

Descriptions  of  two  New  Species  of  Nudihranchiate  MoUusca,  one  of  them 
^  forming  the  type  of  a  New  Genus.    By  Joshua  Aldba  and  Albakt  Haii- 
cocK.  With  the  Anatomy  of  the  Genus,  by  Albany  Hancock. 

The  Mollusks  described  were  found  at  Falmouth  by  W.  P.  Cocka,  Esq.  The  firsl 
species  noticed  belongs  to  the  rare  genus  Thecacera,  of  which  only  one  species  hmn 
beeu  before  described.  The  authors  have  named  it  T^cacera  vireweens,  and  dw- 
racterize  it  as  follows : — 

7*.  virescens.  Body  rather  convex,  smooth,  of  a  light  peach-blossom  tint,  blotched 
with  green  anteriorly  and  posteriorly.  Head  with  a  plain  subvelar  margin  in  front. 
Tentacles  broadly  laminated,  retractile  within  sheaths  with  plain  margins.  Branchial 
plumes  five,  ereen  margined  with  white.  A  single  row  of  obsolete  tubercles  encirelefl 
the  branchial  reeion.     Length  -]^ths  of  an  inch. 

The  next  molTusk  described  belongs  to  the  family  Eolidida,  and  constitute*  a  new 
genus  in  that  family,  diifering  from  Eolis  in  the  position  of  the  tentacles,  and  in 
having  a  subdorsal  anus,  and  a  curious  frilled  membrane  down  the  side  of  each  faranr 
chial  papilla.     It  is  thus  characterized : — 

Oithona,  n.  g.  Body  elongated,  limaciform.  Head  with  four  linear  tentacles  cooad- 
tutin?  two  pairs,  both  subdorsal.  Mouth  with  corneous  jaws.  Branchise  papillaiy, 
clothing  irregularly  a  subpallial  expansion  on  the  sides  of  the  back ;  a  produced 
membranous  margin  or  fringe  runs  down  the  inner  side  of  each  papilla.  Anus  laten>- 
dorsal,  situated  towards  the  right  side.    Orifices  of  the  generative  organs  separate. 

The  species  is  named  O,  nohilis.  It  is  of  a  pale  bufi' colour,  with  the  branchis  of 
a  rich  brown,  their  apices  having  a  metallic  lustre. 

The  anatomy  uf  the  genus  is  given  In  detail  by  Mr. -Albany  Hancock.  It  eor^ 
responds  with  that  of  Eolis  in  its  general  features,  but  shows  some  very  curious  and 
interesting  modifications ;  the  most  remarkable  of  which  is  the  great  development  of 
the  efl^erent  or  branchio- cardiac  vessels  of  the  vascular  system.  These  vessels,  which 
lie  entirely  within  the  skin,  are  conspicuous  from  the  outside  and  show  many  rani-' 
fications  passing  into  a  large  vessel  which  occupies  the  centre  of  the  back  behind  the 
heart.  A  small  but  very  distinct  vessel,  in  connexion  with  them,  runs  down  the 
frilled  membranes  of  the  papillae,  showing  the  branchial  character  of  these  organs. 
Another  peculiarity  of  this  animal  is  found  in  the  hepatic  apparatus.  The  pyloric 
extremity  of  the  stomach  receives  two  biliary  ducts,  one  on  each  side  of  the  intestine^ 
These,  diverging  as  they  leave  the  stomachy  pass  into  the  skin  at  the  sides  of  the  back, 
where  each  opens  into  a  wide  hepatic  channel  that  extends  nearly  the  whole  leng:th 
of  the  body,  receiving  branches  from  the  glands  of  the  papillae,  &c.  The  anterior 
portion  of  the  great  hepatic  channels  are  apparently  connected  with  two  foUiculated 
glandular  bodies,  much  and  irregularly  sacculated ;  and  amidst  the  cellular  tissue  at 
tiie  posterior  part  of  the  body  there  is  likewise  a  glandular  substance,  foUiculated  and 
apparently  branched,  in  connexion  with  the  hepatic  canals  within  the  skin.  Thia 
arrangement  difiers  from  that  which  prevails  in  the  Eolididce,  in  nearly  all  the  genera 
of  which  the  principal  hepatic  canals  lie  free  in  the  visceral  cavity,  and  there  is  a 
medial  posterior  trunk.  In  this  genus  there  is  no  such  tnmk,  and  the  canals  are 
almost  entirely  within  the  skin.  In  this  respect  Oithona  resembles Hernueo,  but  the 
peculiarities  of  the  digestive  system  alone  distinguish  it  from  that  genus  as  well  aa 
from  every  other  member  of  the  family. 


On  the  Branchial  Currents  of  Pholas  and  Mya. 
By  Joshua  Aloer  and  Albany  Hancock. 

The  existence  of  branchial  currents  in  the  Bivalve  Mollusea,  received  and  discharged 
by  different  apertures,  is  now  pretty  generally  admitted ;  but  exception  has  been- 
claimed  for  some  genera  and  families  whose  anatomical  structure  is  supposed  to 

E resent  an  insuperable  obstacle  to  this  arrangement ;  their  siphons,  as  it  is  thought, 
aving  no   communication   internally.     Amongst  these  are  the  Afyada  and  the 
Pholadidte, 
Mr.  Garner,  in  his  excellent  essay  on  the  Anatomy  of  the  LamtlUbranchiata,  takes 
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this  Tiew  of  the  case,  and  Mr.  Clark,  who  has  endeavoured  to  disprove  the  existence 
of  separate  branchial  currents  in  all  the  bivalves,  has  more  recently  entered  into 
many  details  of  experiments  to  show  that  no  internal  communication  exists  between 
the  two  siphons  of  the  genus  Pholas. 

That  the  Phokuiet  and  Myadm,  as  well  as  other  bivalves,  do  draw  in  a  current  of 
water  by  the  branchial  siphon,  which  is  expelled  by  the  anal  one,  the  authors  of  this 
paper  have  Ions  known  from  actual  observation,  confirmed  by  recent  investigations ; 
but  to  answer  the  objections  raised  on  anatomical  grounds,  they  have  found  it  ne- 
cessary to  examine  the  internal  structure  of  these  animals  with  greater  care  than 
they  had  hitherto  done*  The  result  has  been  highly  satisfactory,  not  only  proving 
the  existence  of  an  internal  communication  between  the  siphons,  but  opening  out  new 
views  of  branchial  action  and  its  subserviency  to  the  sustentation  of  the  animal.  The 
communication  is  found  to  take  place  through  minute  apertures  between  the  meshes 
of  the  gills  themselves.  Each  of  the  gill-pla(es  or  branchial  leaflets  consists  of  two 
laminee  united  at  the  ventral  margin,  and  likewise  attached  to  each  other  in  trans* 
verse  lines  running  across  the  gills  throughout  their  whole  extent,  and  forming  in  the 
interspaces  a  series  of  parallel  tubes  which  open  into  the  anal  or  dorsal  chamber,  and 
are  thus  in  communication  with  the  excurrent  siphon.  The  minute  reticulated  blood- 
vessels of  the  branchial  lamins,  forming  the  walls  of  these  tubes,  are  found  when  ex* 
amined  by  a  high  power  of  the  microscope  to  be  open  between  the  meshes,  which  are 
minutely  ciliated,  allowing  the  passage  of  the  water  into  the  tubes  and  from  thence 
into  the  anal  chamber.  The  gill-laminse  thus  act  like  a  sieve,  not  only  aerating  the 
branchial  vessels  most  completely,  but  also  straining  the  water,  by  which  means  the 
nutritive  particles  suspended  in  it  are  lefl  on  the  outer  surface  of  the  gill,  and  by 
means  of  vibratory  cilia  are  conveyed  to  the  ventral  margin,  and  thence  along  a  mar- 
ginal groove  to  the  mouth.  By  la3^ng  open  a  living  Pholas  and  colouring  the  water 
with  indigo,  the  whole  of  this  apparatus  may  be  seen  in  action,  which  certainly  forms 
one  of  the  most  beautifully  adapted  organic  mechanisms  that  can  be  looked  upon.  As 
a  breathing  organ  it  is  very  complete ;  as  a  prehensile  organ  for  receiving  food,  it  is 
unrivalled  for  the  minuteness  and  beauty  of  its  structure. 

An  examination  of  the  branchis  of  My  a,  Pullaslraf  Cardiunif  08trea,tLTkdMytiluSf 
shows  them  to  be  formed  after  the  same  plan,  and  induces  the  authors  to  believe  that 
the  sieve-like  character  of  the  branchiae  and  the  mode  of  action  here  described  pre- 
dominate throughout  the  whole  order  of  tbe  LamelUbranchiata  as  well  as  in  that  of 
TunicatOf  whose  branchife  are  known  to  have  a  similar  structure. 


On  Sea  Sickness,  and  a  New  Remedy  for  its  Prevention,     By  J.  Atkinson. 

The  writer  alluded  to  the  method  of  curing  sea-sickness  proposed  by  M.  F.  Curie 
in  the  '  Comptes  Rendus'  of  the  French  Academy  of  Sciences,  September  SOth,  1850, 
which  consists  of  drawing  in  the  breath  as  the  vessel  descends  and  exhaling  as  it 
ascends  on  the  billows, — being  based  on  the  supposition  that  the  complaint  arises 
from  the  upward  and  downward  movements  of  the  diaphragm  acting  on  the  phrenetic 
nerves  in  an  unusual  manner.  After  remarking  on  various  motions,  as  those  pro- 
duced by  swinging  and  by  riding  in  a  carriage,  by  which  nausea  is  often  induced, 
and  showing  that  voluntary  operations  performed  by  mechanics  and  labourers  in- 
volving the  same  kind  of  movements  of  the  diaphragm,  &c.  do  not  cause  similar 
unpleasant  results,  he  proceeded  to  detail  the  method  which  he  had  found  successful 
in  preventing  sea-sickness,  as  follows  :— 

**  Let  a  person  on  ship-board,  when  the  vessel  is  bounding  over  the  waves,  seat 
himself,  and  take  hold  of  a  tumbler  nearly  filled  with  water  or  other  liquid,  and  at 
the  same  time  make  an  effort  to  prevent  the  liquid  from  running  over,  by  keeping 
the  mouth  of  the  glass  horizontal,  or  nearly  so.  When  doing  this,  from  the  motion 
of  the  vcFsel,  his  hand  and  arm  will  seem  to  be  drawn  into  different  positions,  as  if 
the  glass  were  attracted  by  a  powerful  magnet.  Continuing  his  efforts  to  keep  the 
mouth  of  the  glaas  horizontal,  let  him  allow  his  hand,  arm  and  body  to  go  through 
the  various  movements, — as  those  observed  in  sawing,  planing,  pumping,  throwing 
a  quoit,  &c. — which  they  will  be  impelled,  without  fatigue,  almost  irresistibly  to 
perform,  and  he  will  find  that  this  has  the  effect  of  preventing  the  giddiness  and  nausea 
that  the  rolling  and  tossing  of  the  vessel  have  a  tendency  to  produce  in  inexperienced- 
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Toyagers."     If  the  person  is  suffering  from  sickness  at  the  commencement  of  hit  ex- 
periment, as  soon  as  he  grasps  the  glass  of  liquid  in  his  hand  and  sufien  his  arm  to 
take  its  course,  and  ^o  through  the  movements  alluded  to,  he  feels  as  if  he  were  per* 
forming  them  of  his  own  free-will,  and  the  nausea  ahates  immediately,  and  Toy 
soon  ceases  entirely,  and  does  not  return  so  long  as  he  suffers  his  arm  and  body  to 
assume  the  postures  into  which  they  seem  to  be  drawn.     Should  he  however  reaiat 
the  free  course  of  his  hand,  he  instantly  feels  a  thrill  of  pain  of  a  peculiarly  stonnii^ 
kind,  shoot  through  his  head,  and  experiences  a  sense  of  dizziness  and  retnmiii^ 
nausea.     From  this  last  circumstance,  the  author  of  the  paper  infers  it  as  prol>aMe 
that  the  stomach  is  primarily  affected  through  the  cerebral  mass,  rather  than  throog^h 
a  disturbance  of  the  thoracic  and  abdominal  viscera ;  and  he  is  of  opinion  that  the 
method  of  preventing  sea-sickness  just  described  (which  he  has  found  by  ezperience 
to  be  effectual),  depends  on  the  curious  fact  that  the  involuntary  motion  communicated 
to  the  body  by  the  rolling  and  tossing  of  the  vessel  is,  by  tlie  means  be  adopts,  ap. 
patently  converted  into  voluntary  motion. 

Drawings  of  New  Species  of  Zoophytes  toere  exhibited  by  Mr.  Busk. 


On  some  Indications  of  the  Molluscous  Fauna  of  the  Azores  and  St.  Helena. 
By  Professor  E.  Fobbes,  F,R,S. 

Great  interest  attaches  to  the  malacology  of  the  islands  of  the  Atlantic,  on  account 
of  its  bearing  on  inquiries  into  the  ancient  conformation  of  land  in  that  region,  and 
the  causes  of  the  distribution  of  organized  beings.  We  have  so  few  data  respecting 
the  Invertebrata  of  the  Azores  and  St.  Helena,  that  every  fragment  of  fresh  information 
becomes  of  consequence.  The  author  has  lately  had  opportunities  of  examining  a 
small  collection  of  land  shells  gathered  in  the  Azores  by  Mr.  Macgillivray,  the  inde- 
fatigable naturalist,  who  accompanied  the  surveying  voyage  of  H.M.S.  Rattlesnake, 
and  also  a  small  parcel  of  littoral  and  subiittoral  mollusks  collected  at  St  Michael's 
and  sent  to  Mr.  Mac  Andrew.  From  St.  Helena  he  has  recently  received  a  quantity 
of  the  shells  cast  on  the  shore,  and  a  few  recent  and  subfossil  land  shells  collected  fay 
Mr.  Alexander,  a  student  of  Ring's  College. 

Out  of  eight  species  of  land  shells  from  Fayal  in  the  Azores,  one  is  a  new  form  oT 
Bulimus,  allied  to  a  Madeiran  species ;  two  are  Helix  paupercula  and  Pupa  aaco- 
roitoma,  both  Madeiran  ;  one  is  the  Helix  barbula  of  Charpentier,  an  Asturian  and 
Gallician  species ;  two,  Helix  pisana  and  BuUmus  veniricotus,  are  widely  distributed 
south  and  west  European  forms ;  two.  Helix  aspena  and  H,  cellariaf  are  cosmopoliteiy 
difiused  probably  owing  to  transportation  by  man. 

Of  the  marine  shells  from  St.  Michaers,  Purpura  heemastoma,  Haliotie  tubercularis, 
Mitrafulva,  TrochusLaugieri,  and  Triton  (variegatutn),  are  characteristic  Lusitanian 
species,  ranging  also  through  the  Mediterranean.  A  Littorina  is  not  European  ;  it 
is  the  Littorina  striata  of  Capt.  King,  a  species  remarkable  for  being  common  to  the 
Azores,  Madeira,  the  Cape  de  Verds,  and  the  Guinea  coast.  A  starfish,  sent  with 
the  shells,  is  the  common  Uraster  spinosa  of  Europe. 

The  shells  brought  by  Mr.  Alexander  from  St.  Helena  are  equally  interesting.  To 
the  six  land  shells  already  known  he  adds  three,  a  Succinea,  a  bulimus,  and  a  Helix, 
the  last  representing,  but  very  distinct  from,  the  HeHx  guerinearia  of  Madeira. 

Our  knowledge  of  the  marine  shells  of  Madeira  has  hitherto  been  entirely  due  to 
Mr.  Cuming,  who  during  a  brief  visit  to  that  island,  dredsed  for  a  day  there  in  40 
fathoms  water,  on  a  soft  muddy  bottom.  The  shells  he  obtained  (and  of  which  he 
has  most  liberally  communicated  his  lists)  belonged  to  the  genera  Car^um,  Cgtherea, 
Mitra,  Clavatula,  Pleurotomd,  Nassa,  Scalaria,  Eulima,  Pyramidella,  Troehus,  Del- 
phinula,  TurriteUa^  Natica,  BuUa,  and  HyaUtia.  The  species  have  proved,  so  far  as 
they  have  been  examined,  to  be,  as  they  seemed  to  Mr.  Cuming  at  the  time  he  cap- 
tured them,  all  peculiar. 

To  these  genera  Mr.  Alexander  adds  specimens  of  Lucina^  DonaxU  H^pponuxX^ 
Acmaa,  Siphonaria,  Fissurella,  Gena,  Marginella,  Cypraa^  Cottus^  Cauio,  Ccium* 
hella,  Cerithiutn,  Fossarus  and  Ilissoa.  In  the  British  Museum  there  is  an  unnamed 
Littorina  from  St.  Helena,  closely  represented  but  distinct  from  Hhe  Littorina  siriaia 
above  aUaded  to* 
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Several  of  the  above-named  shells  are  too  young  for  determination,  others  are  de- 
cidedly new.  The  known  species  not  peculiar  are  Casiis  testieulut,  Cypraa  lurida, 
Mpurea  and  moneta,  Conus  equinaceuSf  var.  Krottii^  MargineUa  tniiiacea  7  and  Na^ 
Uca  canrtna.  The  Fouarui  is  not  the  Senegal  shell,  but  the  F.  Cumingii.  Several 
of  the  above  are  common  to  the  West  Indies  and  Mediterranean. 

The  author  infers  from  these  facts  that  the  coast-line,  of  the  ancient  land  of  which 
the  Atlantic  islands  north  of  the  line  are  fragments,  had  a  trend  indicated  by  the 
distribution  of  the  LiUorina  itriata^  and  that  the  ancient  connexion  of  the  Azores 
with  the  Lusitanian  land  on  the  one  hand  and  Madeira  on  the  other,  as  previously 
maintained  by  him,  is  supported  strongly  by  these  additional  data.  On  the  other 
hand,  the  facts  concerning  St*  Helena  indicate,  as  the  indigenous  vegetation  of  that 
islimd  had  previously  done,  that  it  had  been  insulated  from  a  ver^'  ancient  period,  and 
had  never  been  connected  with  the  continent.  At  the  same  time  the  marine  mol- 
lusks  would  seem  to  point  to  the  submergence  of  a  tract  of  land  probably  linking 
Africa  with  South  America,  before  the  elevation  of  St  Helena.  Along  the  sea-coast 
of  such  a  tract  of  land,  the  creatures  common  to  the  West  Indian  and  Senegal  seas 
might  have  been  diifused.  _^_ 

On  a  New  Testacean  discovered  during  the  Voyage  o/H.M.8.  Rattlesnake, 
By  Professor  E.  Forbbs,  F.R.S. 

Among  the  collections  made  by  Mr.  Macgillivray  is  a  new  genus  of  Gasteropodoua 
Mollusks,  floaters  in  the  manner  of  lanthina,  but  having  close  affinities  of  sheU, 
animal,  aud  operculum  with  Jeffregiia,  It  appears  to  throw  new  light  on  the  nature 
of  Macluria  and  the  so-called  Palaeozoic  Littorinae.  Prof.  Forbes  proposes  to  name 
this  curious  shell  MuegUUmraya,         ..___^ 

On  a  Sample  of  Blood  containing  Fat,    By  J.  H.  Oladstonb,  Ph,D, 

The  author  detailed  an  examination  of  a  sample  of  serum,  which  was  quite  white 
and  opake  from  floating  slobules  of  a  substance  that  was  found  to  consist  of  a  cry* 
stdfline  matter,  apparenuy  cholesterin,  mixed  with  a  much  larger  amount  of  non- 
crystallizable  fat,  readily  saponified  when  boiled  with  alkali.  The  sample  was  given 
to  Mr.  Wrench,  who  exhausted  2  oz.  40  minims  of  the  liquid  by  means  of  aether,  and 
obtained  from  it  3*96  grs.  of  fat.  The  amount  of  fatty  matter  in  the  blood  itself  must 
of  course  have  been  larger,  since  that  portion  which  had  become  entangled  in  the 
coagulated  clot  was  not  estimated. 

The  blood  was  taken  from  a  patient  sufiering  from  symptoms  of  apoplexy.  He 
recovered.  The  author  could  not  find  any  account  of  fatty  blood  having  been 
observed  in  this  disease.  _ 

Observations  an  the  Genus  Sagitta. 
JBy  Thomas  H.  Huxley,  FM.S.9  Assistant- Surgeon  ILN. 

Mr.  Huxley  made  some  observations  upon  the  structure  of  the  anomalous  genua 
Sagitta,  which  has  already  been  more  than  once  a  subject  of  discussion  at  the  Meet- 
ings  of  the  British  Association.  Mr.  Huxley's  statements  essentially  confirmed  those 
of  M.  Krohn ;  the  existence  of  a  ciliated  canal  or  oviduct  in  the  outer  pai-t  of  the 
ovary  being  the  only  new  fact  of  any  importance  brought  forward.  The  very  wide 
geographical  distribution  of  Sagitta  was  alluded  to,  the  animal  having  been  found  in 
all  the  seas  through  which  H.M.S.  Rattlesnake  passed  in  her  circumnavigatory 
voyage. 

In  discussing  the  zoological  relations  of  Sagitta,  Mr.  Huxley's  remarks  were  to  the 
following  efiect : — Sagitta  has  been  placed  by  some  naturalists  among  the  MoUusca, 
a  view  based  upon  certain  apparent  resemblances  with  the  Heteropoda.  These  how-* 
ever  are  superficial ;  the  buccal  armature  of  Sagilta,  for  instance,  is  a  widely  difierent 
structure  firom  the  tongue  of  Firola,  to  which,  when  exserted,  it  may  have  a  distant 
resemblance ;  the  distinct  striation  of  the  muscular  fibre,  and  (he  nature  of  the  nex^ 
Tous  system,  equally  separate  Sagitta  from  the  Molluscs. 

There  appears  to  be  much  more  reason  for  placing  this  creature,  as  Krohn,  Grube, 
•nd  others  have  already  done,  upon  the  annulose  side  of  the  animal  kingdom,  but  it 
is  very  difficalt  to  say  in  what  division  of  that  lubkingdom  it  may  most  naturally  be 
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arranged.  At  first  sight  it  seems  to  present  equally  strong  affinitieft  with  fimr 
principal  groups,  vis. — 1.  the  Nematoid  worms;  2.  the  Annelida;  3.  the  Lemaeaii 
Cnistncca ;  and  4.  the  Arachnida. 

1.  With  the  Nematoid  worms  it  is  allied  by  its  general  shape  and  habit,  its  want 
of  distinct  annulation,  and  remotely,  by  the  armature  of  the  mouth.  But  on  th« 
otlier  hand,  it  differs  widely  from  them  in  the  nervous  system,  the  sexual  syrtem,  and 
the  nature  of  the  muscular  tissue. 

2.  Sagiita  has  no  small  resemblance  to  certain  Naiadse,  in  which  when  young  the 
anterior  hook-like  feet  are  directed  forwards  parallel  to  the  mouth.  It  differ*  from 
them  in  the  nature  of  its  nervous  system,  which  exhibits  a  concentration  quite  fore^n 
to  the  annelid  type,  in  the  nature  of  the  muscular  tissue,  and  in  the  total  abaenee  of 
any  water  vascular  system. 

3.  and  4.  The  real  affinities  of  Sapitta  are  probably  with  one  or  other  of  these  giwat 
divisions.  The  structure  of  the  nervous  and  muscular  system  speaks  strongly  for 
this  view,  and  the  nature  of  the  sexual  system  is  not  opposed  to  it,  inasmuch  as  ve 
have  hermaphrodism  among  both  the  lowest  Crustacea  (Cirrhipedia)  and  the  lowest 
Arachnida  (Tardi^rada). 

The  study  of  development  can  alone  decide  to  which  of  these  divisions  Sagiitn 
belongs;  but  until  such  study  shall  have  demonstrated  the  contrary,  Mr.  Huxley 
stated  his  belief  that  Sagitta  bears  the  same  relation  to  the  Tardigrada  and  Acaridse, 
that  Linguatula  (as  has  been  shown  by  Van  Beneden)  bears  to  the  genus  ^ecAore/Xo, 
and  that  the  voung  Sagitta  will  therefore  very  possibly  be  found  to  resemble  one  of 
the  Tardigrada,  the  rudimentary  feet  with  their  hooks  being  subsequently  thrown  up 
to  the  region  of  the  head,  as  they  are  in  Linguatula. 


An  Account  of  Researches  into  the  Anatomy  of  the  Hydrostatic  Acalephm. 
By  Thomas  H.  Huxley,  F.R.S,,  Assistant  Surgeon  R.N, 

The  observations  upon  which  this  communication  is  based  were  made  during  the 
circumnavigatory  voyage  of  H.M.S.  Rattlesnake,  but  for  the  most  part  in  the  seas 
which  border  the  coasts  of  North-eastern  Australia,  New  Guinea,  and  the  Louisiade 
archipelago. 

With  the  exception  of  the  mere  external  form,  but  very  little  has  been  known 
hitherto  with  regard  to  either  the  Diphydoe  or  the  Physophoridse,  the  two  families  of 
which  the  *  Hydrostatic  Acalephae'  of  Cuvier  consist,  altriough  they  are  some  of  the 
most  abundant  of  pelagic  creatures.  Indeed,,  hardly  any  one  can  have  made  a  voyage 
to  the  East  Indies  or  Australia  without  being  struck  with  the  immense  shoals  of  the 
PhytaUa  and  Velella^  through  which  the  ship  sometimes  s-^ils  for  days  together. 

The  chief  mass  of  one  of  the  Diphydse  is  formed  by  two  transparent  crystalline 
pieces,  which  look,  when  taken  out  of  the  water,  like  morsels  of  cut  glass.  One  or 
both  of  these  pieces  contains  a  wide  cavity,  lined  by  a  muscular  membrane,  by  the 
contraction  of  which  the  animal  is  propelled  through  the  water.  The  attachment  of 
the  posterior  piece  to  the  anterior  is  very  slight,  and  when  detached  it  will  swim  about 
independently  for  hours  together.  It  was  this  circumstance  which  led  Cuvier  to 
consider  the  two  pieces  as  two  distinct  animals. 

In  the  Monogastric  Diphydae  a  single  polype  is  developed  in  a  special  cavity  of  the 
anterior  piece.  In  the  Polygastric  Diphydse,  a  long  cham  of  such  polypes,  each  en- 
veloped m  a  little  transparent  <'  bract,"  occupies  a  similar  position.  These  polypes 
have  no  oral  tentacles,  but  a  long  thread.like  tentacle,  bearing  lateral  branches,  which 
are  terminated  by  small  sacs,  is  developed  from  the  base  of  every  polype.  The  small 
"  prehensile"  sac  has  a  very  peculiar  form,  but  is,  morphologically,  only  a  dilatation 
of  its  pedicle,  one  wall  of  which  is  much  thickened,  and  contains  a  great  number  of 
such  urticating  organs  or  "  thread -cells*'  as  are  found  among  the  Meduse.  The  re- 
productive organs  are  medusiform  bodies  which  are  developed  by  gemmation  from  the 
pedicle  of  the  polype. 

The  central  sac  of  the  medusiform  body,  instead  of  becoming  a  stomach,  developet 
the  spermatozoa  or  ova  within  its  walls.  These  are  generally  shed  forth  while  the 
organ  is  still  attached,  but  in  one  genus  they  swim  about  independently,  and  might 
readily  be  mistaken  for  Medusce. 

In  the  Polygastric  Diphydee  new  polypes  are  continually  being  produced  by  gem>. 
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matioil  at  tbe  attached  extremity  of  the  polype  chain,  and  in  both  polygastric  and 
monogastric  form?,  the  same  gemmation  is  continually  going  on  among  the  prehensile 
and  reproductive  organs.  The  gemmae,  whether  they  are  eventually  to  become 
poljrpes,  prehensile  organs,  or  reproductive  organs,  are  invariably  at  first  simple, 
double-walled  processes,  containing  a  cavity  continuous  with  that  of  the  common 
stem  of  the  animal,  which  is  itself  a  double-walled  tube.  The  Diphydte,  whether 
polygastric  or  monogastric,  are  invariably  dioecious. 

The  genus  Rosacea,  among  the  Polygastric  Diphydce,  is  remarkable  in  possessing 
enly  the  anterior  piece,  which  is  gelatinous  and  hemispherical,  like  the  umbrel  of  a 
Medusa.  If  a  peculiar  dilatation — the  float — were  formed'  at  the  extremity  of  the 
polype-chain  of  a  Diphyes,  we  should  have  one  of  the  Physophorids. 

Toe  genera  Khizophysaj  Pkysalia,  Athoryhia,  Physophora,  Stephanomia,  Agalma, 
PorpitOf  and  FeleUa,  were  described  and  their  structure  illustrated  by  diagrams, 
without  which  the  details  would  be  unintelligible.  Suffice  it  to  say,  that  their  forms, 
however -varied,  are  shown  to  be  simple  modifications  of  a  common  type,  in  the  main 
identical  with  thaf  of  the  Diphydse.  Thus,  such  a  polype-chain  as  that  of  Rosacea^ 
if  it  developed  a  float,  would  be  a  Rhizophysa.  The  Physalia  is  a  Rhizopkysa  with 
its  float  disproportionately  enlarged ;  the  Physophora,  a  Rhizophysa  which  has  de- 
veloped lateral  natatorial  organs  like  those  of  a  Diphyes.  Again,  the  Velella  may 
be  considered  as  a  PAy«a/ta  flattened  out  and  having  its  air-sac  divided  and  subdivided 
by  partitions,  until  it  becomes  a  firm,  resisting,  internal  shell. 

The  same  continual  multiplication  of  parts  by  gemmation  goes  on  among  the  Phy- 
BophoridaB  as  among  the  Diphydae ;  and  the  structure  and  mode  of  development  of 
the  young  organs  is  essentially  the  same.  Great  variety  is  presented  by  the  repro^ 
ductive  organs,  from  the  form  of  mere  sacs  to  that  of  free  swimming  bodies,  precisely 
resembling  Medusae,  and  developing  the  generative  elements  only  subsequently  to 
their  liberation.  In  Physalia,  the  fema\e  organs  are  free-swimming  medusiform  bo- 
dies, while  the  male  organs  are  simple  pyriform  sacs,  which  remain  attached  and 
develope  their  spermatozoa  in  situ»  In  the  language  of  the  "  alternation  theory,"  the 
Physalia  itself  and  the  medusiform  body  would  be  two  generations,  and  we  should 
be  presented  with  the  unexampled  peculiarity  of  a  male  giving  birth  to  a  female. 

As  a  general  conclusion,  it  may  be  stated  that  the  Diphydae  and  Physophoridse  are 
essentiafiy  composed  of  two  membranes,  au  outer  and  an  inner,  which  the  author 
calls  "  foundation-membranes,"  since  every  organ  is  formed  by  the  modelling  into 
shape  of  one  or  other,  or  both  of  these,  commencing  as  a  simple  process  or  diverti- 
culum, and  assuming  its  perfect  form  by  a  gradual  diflerentiation.  I1ie  stomach  has 
no  walls  distinct  from  those  of  the  general  parietes.  The  reproductive  organs  are 
always  developed  externally,  and  the  thread-cell  is  found  in  all  in  the  greatest  abun- 
dance. The  author  lays  particular  stress  on  the  bearing  of  the  latter  fact  upon  clas- 
sification,  and  shows  that  the  same  organ  is  met  with  in  equal  abundance  only  in  the 
Hydroid  and  Sertularian  Polypes,  Uie  Medusidse,  Beroidoe,  and  Anthozoic  Polypes. 
A  similar  organ  has  indeed  been  also  found  in  an  Echinoderm,  in  certain  Trematoda, 
and  perhaps,  although  the  author  is  inclined  to  think  that  its  presence  in  this  case  is 
accidental,  in  Eolis ;  but  in  none  does  it  assume  such  a  prominent  place  as  in  the 
families  mentioned. 

The  author  endeavours  to  show  that  this  fact,  combined  with  the  radiate  polype 
form,  and  the  composition  of  tbe  body  of  two  distinct  membranes,  forms  a  very  good 
positive  character  for  a  group  embracing  the  Hydroid  and  Anthozoic  Polypes,  and 
the  AcalephsB ;  a  group  equal  in  importance  to  any  one  of  the  primary  subdivisions  of 
the  animal  kingdom.  The  name  oi Nemaiophora,  "  thread-bearers,"  is  proposed  for 
this  group,  in  allusion  to  the  characteristic  difiusion  of  the  "  thrtad-ceW    But  this 

Omust  be  subdivided  into  two  equivalent  sub-classes.  In  the  Hydroid  Polypes, 
iphydae,  Physophoridse,  and  Medusidae,  the  stomach  is  not  distinct  from  the 
common  parietes,  and  the  reproductive  organs  are  external.  In  the  Anthozoic 
Polypes  and  Beroidae,  the  stomach  is  distinct  firom  the  common  parietes,  and  the  re^ 
productive  organs  are  internal.  Some  years  ago  Mr.  W.  S.  MacLeay,  when  consulted 
by  the  author,  suggested  the  name  of  CEcioa  (those  which  have  their  eggs  under 
cover,  "  housed")  for  the  latter  division,  and  that  of  Ancecioa  for  the  former.  Now 
a  mutual  representation  runs  through  these  two  groups.  For  instance,  the  Actinid« 
represent  the  Hydra  and  its  allies ;  the  Zoanthidae  represent  the  Conrnidae ;  the  Phy 
Bophoridae  seem  to  represent  the  Pennatulidae ;  and  the  Medusidae,  the  Beroidae; 
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Furthermore^  each  gronp  returns  into  itself;  tbe  free  floating  Actinue  neoily  ap- 
proximate Beroe,  and  Lucemaria  is  but  a  fixed  Medusa, 

Should  these  considerations  eventually  prove  to  be  well-founded,  the  author  con- 
siders that  it  will  be  necessary  to  break  up  the  class  Uadiata  of  Cuvier  into  four 
groups,  severally  capable  of  being  defined  by  positive  characters.  Supposing  tbe 
Nematuphora  to  form  a  sort  of  central  group,  we  have  on  the  one  hand  the  Asddiaoa 
and  the  Bryozoa,  leading  to  the  MoUusca;  on  the  other  the  Echinodenns  and  Entoao* 
(in  the  widest  sense),  leading  to  the  Annulosa ;  whilst  the  Polygastria,  Sponges,  and 
Gregarinidae  (if  indeeo  they  are  not  rather  to  be  considered  only  as  the  lowest  foms 
of  the  other  three  groups)  conduct  us  towards  the  lowest  plants.  Tliese  relations  may 
be  thus  represented :-« 

MOLLUSCA.  ANNULOSA. 


Atddians./  Bryozoa. 


PROTOPHYTA. 


Description  of  a  New  Form  of  Sponge-like  Animal.     By  T.H.  Huxlbt,  F.R.S, 

The  author  described  a  gelatinous  substance  found  in  almost  all  seas,  in  masses 
varying  in  size  from  that  of  a  pea  to  that  of  a  walnut.  This  mass  is  an  animal  of 
extreme  simplicity,  analogous  to  the  Palmells  in  the  vegetable  kingdom,  and  con* 
sisting  of  a  number  of  simple  cells  united  by  a  gelatinous  connecting  matter^  con* 
taining  siliceous  spicula. 

The  author  pointed  out  the  importance  of  this  creature  as  connecting  the  Spongiit 
Qregarinida  and  Polythalamaia,       

On  the  Land  and  Freshwater  MoUusca  found  within  seven  miles  of  Nottingham, 
By  E.  J.  LowB,  F.R,A.8. 

1st.  Land  Shells  (^Univalves). 
Azeca  iridens,  rare  at  Highfield  House. 
Arion  ater  and  A,  horiensis,  common. 
Achatina  acieuh,  rare  at  Ratclifie. 
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Balea  pervena^  rare  at  Thnimpton. 

BuUmus  lubrieiu,  common;  B.  obseurtu,  common  at  Highfield  House  and  Nottingham 
Castle,  but  has  not  been  found  elsewhere. 

Cartfchium  minimum,  common. 

ClauiiUa  nigrieam,  common. 

Limax  agreUis,  L,  carinaitu,  L.Jlavua  and  L.  maximuSf  common. 

Vertigo  pmiila,  rare  at  Highfieli  House. 

Helix  aspersa,  H,  nemoraJis,  common  ;  var.  horteiuie,  rare  at  Biilwell ;  var.  hyhrida, 
rare  at  Highfield  House;  H. pulchella,  abundant;  var.  crenella^  rare  at  Highfield 
House ;  H.  hispiJay  common  ;  var.  concinna,  at  Hiehfield  House ;  var.  depilatOy  at 
Hii^hfield  House ;  H,  roiundata,  common  ;  H.  ceUariaf  common ;  H,  arhuslorum, 
at  Thrumpton ;  H:fulva,  at  Thmmpton,  Highfield  House,  and  Stanton  on  the  Wolds; 
H,  virgaia,  rare  at  Highfield  House;  H.  ericetorum,  very  abundant  at  Stanton  on 
the  Wolds,  I  have  not  found  it  elsewhere;  H.  alliariaf  at  Sawley  and  Thrumpton, 
at  tlie  former  place  very  abundant ;  //.  aculeata,  rare  at  Highfield  House  and 
Stanton  on  the  Wolds ;  H,  caper ata,  in  extraordinary  numbers  at  Stanton  on  the 
Wolds,  but  not  found  elsewhere ;  H,  crfjxtalUna^  Highfield  House,  Bui  well,  and 
Ox  ton ;  H.  nitidulay  rare  at  Bui  well  and  Oxton ;  H,  radiatuia,  at  Highfield  House ; 
H.  granulata,  rare  at  Bulwell ;  H,  lueida,  uncommon  at  Bulwell,  Oxton,  Stanton 
and  Highfield  House ;  H.  pura,  rare  at  Oxton ;  //.  pggmaa,  rare  at  Highfield 
House  and  Stanton ;  II.  sericea,  rare  at  Bulwell,  Oxton,  and  Stanton ;  H.  revelata^ 
rare  at  Stanton  on  the  Wolds.    This  is  the  first  time  it  has  been  found  in  England, 

Pupa  umbilicata,  common. 

FUrina  peliucida,  common.     Forty  species. 

2nd.  Mud  and  Water  Shells  {Univalves). 
BiUiima  ventrieoea  (Forbes),  common ;  B.  Leachii,  rare  at  Lcuton  and  in  Nottingham 

Meadows. 
Limnea auricidarie,L, peregra,  L,  stagnaliSf  L.palustris,  Z.  Iruneatulus,  all  abundant; 

Zr.  glaher,  rare  at  Bulwell. 
Neritina  fluviatilie,  common  in  Trent,  found  in  River  Soar. 
Paludina  vivipara  (Forbes),  common. 
Patella  fluviatilie,  common ;  P,  lacustris,  uncommon,  at  Lenton  and  Nottingham 

Meadows. 
Phyea  J'ontinalis,  common ;    var.  aculOf  common ;    P.  hypnorum,  at  Beeston  and 

Nottingham  Meadows ;  yimphipeplea  glulinosa,  at  Beeston  Ryelands. 
Planorbie  comeuSf  P.  carinafus,  P,  marginatut,  P.  vortex,  and  P.  spirorbiij  common ; 

P.  aUfuSf  in  Trent;  P.  eotitortue,  Bulwell  and  Lenton ;  P.  imbricattUf  Kighfieid 

House ;  P.  nitidut,  rare  at  Highfield  House  and  WoUaton. 
Suceinea  putris,  common  at  Thrumpton  ;  S.  Pfeifferi^  common. 
Valvata  pitcinalis,  common ;  K  crietata,  Bulwell  and  Beeston.    Twenty-eight  species. 

3rd.  Water  Shells  {Bivalves), 
Anodon  cygneut,  common;  var.  anatina,  common ;  var.  eellensis,  common ;  var.  ven- 

tricosa,  at  Highfield  House ;  var.  Avonensis,  rare  in  River  Trent. 
CycUu  rivieola,  C.  cornea,  C.  lacustris,  common. 
Dreiesena  polymorpha,  common. 
PititUum  Hentlowianum,  rare  at  Highfield  House ;  P.  amnieum,  common ;  P.  cine* 

reum  and  P.  nitidum,  at  Clumber;  P.  obtueale,  P.  pulchellum  and  P.  puiillum,  at 

Beeston. 
Unio  pictorum,  U.  tumidue,  var.  U»  avalis,  common.    Sixteen  species. 


On  the  Antenna  of  the  Annulasa,  and  their  Homology  in  the  Macrourale. 
By  Dr.  W.  Macdonald,  F.R.8.E. 


On  some  recent  Calcareous  Zoophytes  found  at  Ipswich,  Harwich,  4rc. 
By  C.  W.  Peach. 

Seeing  no  calcareous  zoophytes  in  the  museum  at  Ipswich,  and  having  found  15 
or  16  species  at  that  nlace,  some  from  the  Orwell,  others  from  Harwich,  the  author 
mentioned  them  to  inctuce  some  one  to  collect  and  supply  the  defects  in  the  museum. 

1851-  6  .T^ 
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Some  of  the  specimens  found  are  the  most  heautifiil  of  the  British  Lepraliasy  one  ii«v 
to  the  British  list,  found  also  by  him  in  Cornwall  and  Scotland;  he  also  prodnced  one 
new  to  the  British  list  from  Cornwall^  identical  with  a  Lepralia  on  a  Pinna  firom  dte 
Mediterranean. 

He  also  called  attention  to  the  scooping  of  pits  in  shells  and  stones  by  Lipniia  and 
other  calcareous  zoophytes^  and  exhibited  several  specimens  of  shells  and  a  stone  whid 
had  been  scooped  by  one  of  the  most  delicate  of  them,  Hippothoa  divarieiUa,  which  ft 
had  equally  scooped  with  those  of  larger  size.  Some  of  thb  shells  had  not  only  dtt 
pits,  but  the  cells  of  Lepralia  as  welL 

Ohservatums  on  the  Gtographical  DistrihuHon  of  the  Ltmd  MoUusau 
By  LovBLL  Rbbvjb,  FX.8. 

This  paper  consisted  of  a  few  additional  observations  on  the  geographical  distn- 
bution  over  the  globe  of  a  tribe  of  snails,  recently  published  by  Mr.  Reeve  in  the 
'  Annals  and  Magazine  of  Natural  History.'  It  was  doubted  at  the  time  whether  s 
system  of  typical  arrangement  could  be  formed  upon  the  consideradon  of  a  single 
genus, — whether  an  examination  of  all  the  genera  of  land  moUusca  was  not  essen- 
tial. It  being  a  work  of  considerable  labour  to  collect  the  data  for  this  inquiiy, 
the  author  simmitted  a  preliminary  outline  of  his  views  from  a  consideration  of  dOO 
Bulimi  only.  He  was  now  working  upon  the  genus  Helix,  andfound  the  results  to  be 
perfectly  similar.  The  inquiry  was  founded  on  a  consideration  of  the  shell,  not  on  ac- 
count of  the  difficulty  of  procuring  observations  on  the  animal,  but  because  it  ofiered 
a  readier  and  more  varied  set  of  characters.  The  animal  differs  immaterially  in  fonn 
and  generic  character  from  any  of  the  genera  of  land  moUusca,  but  the  shell  varies  ac- 
cording to  the  physical  conditions  by  which  it  is  surrounded.  The  groups  of  fonni 
appear  to  be  so  many  expressions  of  the  calcifying  organ  of  one  and  the  same  molluik, 
depending  on  the  laws  and  circumstances  of  organic  distribution.  On  comparing  hii 
map  of  the  distribution  of  land  moUusca  with  that  of  the  marine  moUusca  by  Plrofessor 
£.  Forbes,  Mr.  Reeve  pointed  out  many  points  of  resemblance  where  the  areas  of  ses 
distribution  of  types  corresponded  with  those  on  the  adjacent  land. 

Observations  on  Pholas.    By  J.  RoBBBTsoir. 


On  the  Structure  of  the  Branchke  and  Mechanism  of  Breathing  in  the  PhoUa 
and  other  LameUibranchiate  MoUushs.    By  Thomas  Williams,  MJ). 

The  researches  of  the  author,  which  were  illustrated  by  numerous  diagrams,  hsd 
led  him  to  the  following  conclusions : — 

1.  Thst  the  blood  in  all  lamellibranchiate  moUusca  is  richly  corpnsculated. 

2.  That  the  branchias  in  all  species  are  composed  of  straight  parallel  vesteb 
returning  upon  themselves. 

3.  That  the  heart  is  systemic,  and  not  branchial. 

4.  That  the  parallel  vessels  of  the  gills  are  provided  with  vibradle  dlia  disposed  is 
linear  series  on  either  side  of  the  branchial  vessel,  causing  currents,  which  set  in  the 
direction  of  the  current  of  the  blood  in  the  vessels. 

6.  That  in  PhoUu  the  siphons  are  richly  lined  with  vibratile  cilia  as  well  as  die 
branchiee. 

6.  That  the  branchial  siphon  acts  in  drawing  in  water  into  the  chamber  of  the 
mantle  by  the  diastole  of  the  valves  of  the  shell. 

That  a  part  of  the  water  which  is  thus  drawn  into  the  branchial  chamber^  is  swal- 
lowed and  eventually  rejected  by  the  faecal  orifice,  and  that  the  rest  is  expelled  by 
the  orilice  in  the  mantle,  the  foot,  and  in  part  by  the  branchial  orifice. 

That  this  respiratory  fluid  is  surcharged  with  carbonic  acid  and  fluid  secretioiii 
contained  in  the  mucus  furnished  by  the  interior  of  the  mantle. 

That  this  current,  escaping  with  force  against  the  walls  of  the  cell  in  which  the 
animal  lives,  acts  as  a  solvent  upon  the  particles  disintegrated  by  the  action  of  the 
Talves ;  that  therefore  the  boring  of  the  Pholades  can  only  be  explained  on  the  prin- 
ciple that  a  chemical  as  well  as  a  mechanical  agency  is  at  work. 
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On  a  New  Apparatus  for  supplying  Warm  Air  to  the  Lungs. 
By  T.  G,  Hake,  M.D. 

On  the  Cofrdation  of  Fito%  and  Mind  wUk  the  Physical  Forces. 
By  Richard  Fowlbr,  MJ).^  FJi.S. 

The  mitfaor  began  hia  paper  with  some  observations  of  what  constitutes  force.  Our 
notions  of  it,  he  thinks,  are  acquired  very  early,  from  feelings  of  resistance  to  our 
will ;  ibr  all  forces  are  measured  by  the  resistance  they  can  overcome^  t. «.  the  force 
they  can  antagonize.  When  boys  of  apparently  eoual  strength  and  equal  courage 
are  seen  to  wrestle,  we  are  impressed  with  a  belief  that  he  who  fairly  throws  the 
other  has  the  most  powerful  muscular  (vital)  force ;  but  when  we  see  that  a  spirited 
boy  of  comparatively  weaker  muscular  force  cows  and  throws  a  larger  boy  of  more 
muscular  strength,  we  then  infer  that  mind  was  the  force  in  the  boy  who  more  than 
antagonized  the  vital  force  of  the  other.  **  What,"  asked  Suwarrow,  "  is  the  strength 
of  an  army  ?  "  **  The  stomach  I "  was  the  answer  of  his  experience ;  and  the  stomach, 
the  source  of  vital  strength,  is  furnished  with  its  materials  by  the  physical  forces 
of  motion,  heat,  and  chemical  affinities.  Here  then  we  have  correlations  of  mind 
with  the  vitality  of  its  coil,  and  of  vitality  with  the  physical  forces.  Mind  and 
vitality  have  these  analogies  with  the  physic^  forces : — Ist,  That  all  act  through  the 
media  of  coils ;  2nd,  that  the  manifestation  of  the  force  is  directly  as  the  fitness  of  the 
cdl,  and  that  wherever  an  appropriate  coil  is  presented,  there  the  force  will  be  ap- 
parent to  our  senses.  The  chronometer  as  the  measurer  of  time  by  space,  the  voltaic 
trough  and  the  coil  of  CErsted,  and  the  heat  and  light  from  the  spontaneous  union  of 
hydrogen  and  oxyeen  in  spongy  platina,  are  satisfactory  instances. 

The  cretin  affords  an  analogous  instance  with  respect  to  the  vital  and  mental  forces. 
Bom  with  a  corporeal  coil  ntted  for  both,  their  manifestation  gradually  becomes 
obscure  as  the  body  is  diseased ;  but  when  again  restored  by  the  invigorating  air, 
exercise,  food,  and  social  converse  of  a  mountain  home,  the  forces  of  mind  and  vitality 
reappear :  here,  is  it  not  mind  which  devised  the  reparation  of  the  mortal  coil  in  the 
case  of  the  cretin,  and  which  has  devised  the  coils  which  vitality  has  materialized 
Ibr  all  the  physical  forces  ?  Had  then  minds  of  the  highest  order  been  with- 
held, the  physical  forces  had  wanted  the  coils  by  which  they  are  now  rendered  so 
effective ;  and  if  the  physical  forces  had  remained  latent,  the  seed  of  plants  and  ova 
of  animals  could  not  nave  become  coils  fitted  for  the  activity  of  vitality  and  mind. 

CorrelatUm  of  the  Organt  of  Seme. — That  these  might  be  indifferently  the  antecedent 
or  sequent  of  each  other's  functions  in  effecting  sensations  or  conceptions,  occurred 
to  the  author  while  in  the  year  1792  he  was  preparing  a  paper  on  Belief,  which  he 
read  to  the  Speculative  Society  of  Edinburgh  (see  the  History  of  the  Society  lately 
published).  It  is  the  law  of  our  organs  of  sense  that  a  sensation  or  conception  in  any 
one  should  excite  a  re-transmission  to  the  adjusting  muscles  of  all  the  other  organs. 
The  most  palpable  instance  of  an  analogous  re-transmission  from  one  nerve  to  many 
.muscles  is  from  the  nasal  branch  of  the  fifth  pair  in  the  act  of  sneezing. 

Doubts  have  been  expressed  whether  these  forces,  may  not  be  really  distinct  and 
Independent  forces,  rather  than  modifications  of  one  force^  as  conjectured  by  Mr. 
Grove.  There  are  however  several  analogies  in  support  of  Mr.  Grove's  hypothesis. 
By  the  modification  effected  by  glands  differentiy  constructed,  secretion  of  varied 
qualities  are  produced  from  the  blood  ;  different  fhiits  from  the  same  sap,  modified 
by  grafts ;  one  thought  may  be  modified  as  in  words  that  are  synonymous,  and  both 
the  thought  and  instinct  of  man  or  the  lower  animals  are  modified  by  tiieir  structure,— 
"  Many  administrations,  but  the  same  spirit."  As  Uierefore  the  force  is  more  or  less 
effective  in  ratio  of  its  coil,  and  as  coils  for  thinking  or  acting,  in  science,  in  arts, 
and  in  the  ordinary  business  of  life,  are  formed  by  the  adjusting  muscles  of  the  sen* 
tient  and  voluntary  functions  of  the  body,  is  it  not  the  business  of  education  to 
drill  the  coils,  by  which  alone  elevation  and  efficiency  can  be  given  to  the  force 
tf  mind? 
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On  the  Origin  and  Invitations  of  the  CymrL 
By  George  Barber  Bsaumont,  F.G.S. 


A  Summary  of  Recent  Nilotic  Discovery.  By  C.  T.  Beke,  Ph.D^  FJLG.S.^ 

After  briefly  recapitulating  his  views  with  regard  to  the  physical  character  of  the 
table-land  of  Eastern  Africa,  the  position  of  the  sources  of  the  Nile  in  the  Moanxaias 
of  the  Moon,  and  the  course  of  the  direct  stream  of  that  river  and  of  its  sevenl 
tributaries,  namely,  the  Bahr-el-Ghazal  or  Keilak,  theSobat  orGodjeb,  the  Bahi^- 
Azrek  or  Astapus,  and  the  Atbara  or  Astaboras,  Dr.  Beke  adverted  to  the  ezploratiooi 
of  the  Rev.  Dr.  Krapf  and  Mr.  Rebmann  in  Eastern  Africa,  to  their  discoTeqr  of  the 
Snowy  Mountains  Kilimandjaro  and  Kenia,  and  to  the  information  obtained  by 
them  respecting  the  great  lake  in  the  country  of  Uniamezi,  or  Mono-Moezi.  He 
then  gave  an  account  of  Dr.  Knoblecher's  recent  ascent  of  the  Tubiri«  as  the  direct 
stream  of  the  Nile  is  called,  as  far  as  4°  9'  N.  lat.,  where  he  ascertained  that  thtt 
river  comes  from  a  considerable  distance  further  south,  and  apparently  from  beyood 
the  equator. 

The  distance  from  the  extreme  point  reached  by  Dr.  Knoblecher  to  Mount  Kenia 
is  370  geographical  miles,  and  to  the  lake  in  Uniamezi  it  is  360  miles ;  and  the  basin 
of  the  Nile  is  apparently  confined  within  these  limits,  unless  indeed  the  river  should 
be  found  to  How  out  of  the  lake  itself.  Kenia  is  not  improbably  the  *'  high  moiuitaia, 
the  top  of  which  is  quite  white,"  which  was  described  to  Baron  von  iMiiller  as  con- 
taining the  source  of  the  Bahr-el-Abyad. 

These  results  arc  in  ^neral  accordance  with  the  statements  of  Ptolemy  respectug 
the  sources  of  the  Nile  in  the  Mountains  of  the  Moon,  as  elucidated  and  explained 
by  Dr.  Beke  on  former  occasions f. 

Addition  by  the  Author. — On  a  subsequent  journey  far  into  the  interior.  Or.  Krapf 
was  informed  that  at  the  foot  of  the  snowy  mountain  Ndurkenia,  or  Kirenia,  is  a  lake, 
from  which  (or  its  vicinity^  flow  three  rivers — the  Dana,  the  Tumbiri,  and  the  Nsa- 
raddi ;  the  first  two  of  which  fall  into  the  Indian  Ocean»  being  the  upper  courses  of 
the  Ozi  and  the  Adi  or  Sabaki  respectively,  while  the  third  flows  northwards  towards 
a  still  larger  lake,  called  Baringo,  being  in  Dr.  Krapfs  estimation  identical  with  die 
Bahr-el-Abyad  or  White  River. 

This  information  tends  yet  further  to  confirm  Dr.  Beke's  conclusions.  And  if  it 
be  only  supposed  that  Dr.  Krapf  has  inadvertently  transposed  the  two  names,  7\imbiri 
and  Nsaraddi,  so  that  it  is,  in  reality,  the  former  which  flows  northwards  and  leaves 
the  Nile,  while  it  is  the  latter  which  fails  into  the  Indian  Ocean ;  then  that  traveller's 
Thtmbiri  will  correspond  with  the  Tttbiri  of  M.  Werve  and  Dr.  Knoblecher,  and  his 
Nsar-ijuitft  with  the  Adi  or  Sabaki — a  double  coincidence  rendering  the  matter  little 
less  than  certain.— See  Atherueum  of  February  14,  1852,  No.  1268,  p.  198. 

On  the  Meteoric  Iran  ofAtacama,    By  G.  A.  BolLaert. 

Some  of  the  blocks  of  meteoric  iron  found  there  were  alleged  by  the  natives  to 
have  risen  or  burst  from  the  earth :  they  contained  nickel  and  other  metallic  I 


On  certain  Tribes  of  South  America.    By  W.  J.  Bollabrt. 

A  Comparison  of  Athletic  Men  of  Greai  Britain  tvith  Oreek  Statues* 
By  J.  B.  DRENT,  M.A. 

Mr.  Brent  began  by  stating  the  difficulty  of  arriving  at  an  accurate  average  of  the 
wdghts  and  measurements  of  the  men  of  any  given  country.    In  order  to  obtain 

*  Printed  in  ewiemo  in  the  Philosophical  Magazine  for  October  1851, 4th  series  (No.  11), 
voLiL  pp.  260-268.  ' 

t  See  Report  of  the  British  Association  for  1846,  Report  of  the  Sections,  pp.  7<^72 ;  and 
see  Report  for  1848,  Report  of  the  Sections,  pp.  63, 64. 
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those  of  the  athleto,  he  measured  and  weighed  celebrated  boxers,  cricketers,  wrestlers, 
rowers,  pedestrians  and  others.  These  he  compared  with  the  heights  and  weights  of 
•oldiers  and  policemen,  and  thence  with  certain  celebrated  Greek  statues.  From 
such  a  comparison  it  appears  that  the  wrestlers  of  Cornwall,  Devon  and  the  north 
of  England  are  not  inferior  to  those  statues. 


Communication  relative  to  the  Great  Earthquake  experienced  in  ChUe^  April 
2, 1 851 .  By  R.  Budge,  F.E.  G.S. :  in  a  Letter  to  Mr.  W.  BoUaert,  dated 
Apr.  17)  wiih  Observations  by  the  latter. 

Mr.  Budge  states  the  motion  to  have  been  westward ;  water  in  basins,  water-jugs, 
&c.  having  been  spilt  over  the  east  side ;  clocks  whose  pendulums  vibrated  east  and 
west  having  stopped,  while  those  beating  north  and  south  did  not;  walls  standing 
east  and  west  being  cracked  every  way,  particularly  lengthways ;  and  vessels  at  sea, 
ibrty  to  sixty  miles  off  the  land,  having  felt  it  at  an  hour  corresponding  to  the  differ- 
ence of  longitude.  The  author  supposes  the  phenomenon  to  have  been  subject  to 
instantaneous  cessations;  and  states  that  it  turned  round  things  on  their  base, 
instead  of  throwing  them  down,  at  an  angle  of  20°,  showing  a  circular  motion  for  at 
least  an  instant*.  <'I  had  a  bust  of  plaster  of  Paris  and  a  family  medicine-chest 
standing  on  a  chest  of  drawers  moved  round  in  this  way,  while  nothing  occurred  to 
my  house  (built,  however,  purposely  on  my  own  plan  for  resisting  earthquakes), 
except  the  removal  out  of  place  of  a  few  tiles.  A  large  brick  chimney,  well-stayed 
above  with  iron  stays,  was  divided  at  a  certain  height  from  the  ground  in  a  horizontal 
line,  and  the  upper  part  was  twisted  round  over  the  lower  to  about  the  same  angle. 
In  some  houses  which  stood  firm  from  beine  frame-built,  though  cracked  in  all 
directions,  the  furniture  in  the  rooms,  particularly  up  stairs,  appeared  as  if  some 
fiend  had  been  among  them,  making  them  his  playthings,  some  upset,  some  turned 
round,  &c." 

The  author  proposed  an  explanation  of  these  and  other  phaenomena  of  earth- 
qoakes  by  electricity : — **  I  have  experienced  in  this  place,  as  1  have  stated,  three 
ruinous  earthquakes, — that  of  1822,  which  I  passed  in  the  house  until  the  back  fell; 
that  of  1829,  and  the  present.  On  the  last  occasion  the  barometer  and  thermometer 
indicated  nothing,  nor  was  there  the  least  warning  of  any  description ;  but  as  in- 
Tariably  occurs  after  a  heavy  shock,  we  had  on  the  third  day  after  a  shower  of  twelve 
hours*  rain,  for  which  1  had  already  prepared,  aware  of  its  being  the  consequence, 
happen  at  whatever  season  it  may!  I  conceive  also,  that  I  have  felt  less  relaxed 
than  before  it.  1  cannot  understand  all  these  things  unless  electricity  be  the  agent ; 
while  the  atmosphere  must  be  affected  in  some  way  to  shower  down  rain  at  seasons 
when  under  ordinary  circumstances  it  does  not  fall.  Santiago  (the  capital  of  Chile), 
Casa  Blanca,  and  Quillota  seem  to  have  suffered  equally  with  Valparaiso ;  and  the 
two  latter  places  worse,  while  some  of  the  public  buildings  of  the  capital  are  ordered 
to  be  pulled  down.  My  wife,  who  is  at  that  place,  mentions  every  subsequent  shock 
talWing  exactly  with  those  here.  The  shock  of  1822  was,  however,  about  double 
in  force  and  time;  and  I  recollect  well  it  was  with  difBculty  I  could  stand,  whereas 
on  the  present  occasion  I  had  no  trouble.  On  that  occasion,  the  sea  in  the  Bay  of 
Valparaiso  retired  considerably,  and  was  several  days  in  reaching  its  former  level, 
while  on  this  no  such  thing  was  observed.  It  is  an  awful  fact  to  contemplate,  that 
the  most  massive  buildings  of  the  country  are  the  first  to  yield  to  the  phsenomena 
referred  to." 

Mr.  BoUaert  observed: — ^** Sometimes  the  violent  eruptions  of  volcanoes  are 
accompanied  by  severe  earthquakes ;  and  in  regard  to  those  of  Peru,  I  will  instance 
One  or  this  species,  in  which  volcanic  action  was  accompanied  by  a  terrific  earth- 
quake, viz.  the  eruption  in  February  1600,  in  the  mountain  range  of  Ornate, 
twenty-two  leagues  from  Arequipa.  On  the  15th  of  that  month  the  volcano  broke 
out  with  great  fury  and  the  ground  was  in  continual  motion.  On  the  18th,  in  the 
evening,  the  movements  were  more  rapid,  and  at  10  p.m.  there  was  such  a  shock 
that  it  awoke  the  soundest  sleepers,  and  every  five  minutes  during  the  night  shocks 

**  Mr.  Mallet  has  explamed  this  torsion  of  objects,  <  Report  on  Earthquakes,'  Brit,  Assoc. 
Beports,  1850<— Edit. 
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continued.  On  the  morning  of  the  19th  joccurred  a  dretdful  shock,  of  which  the 
Spanish  MS.  from  which  I  extract  this  says,  *  the  movements  were  now  more  nfHd» 
and  in  the  twenty-four  hours  there  were  more  than  idOO  shocks.  The  beavciM  were 
darkened  with  clouds  of  eruptive  matter,  flashes  of  lightning  were  teen»  end  thee 
there  descended  much  white  ashes  like  a  fall  of  snow,  which  covered  the  couuUy 
around.'  On  the  ^th  of  the  same  month  happened  the  most  dreadful  shock  m 
all.  The  town  of  Quinistacas,  four  or  five  miles  distant  from  the  volcano  with 
100  inhabitants,  was  buried ;  the  town  of  Ornate  also  perished;  also  many  villages 
in  the  viciuity  were  ruined ;  indeed,  the  whole  country  was  desolated,  and  ashes 
fell  more  than  ninety  miles  distant  from  the  volcano,  llie  first  earthquake  I 
experienced  was  in  1825  and  at  Chile.  There  was  a  shaking  of  the  groaod, 
some  houses  and  walls  fell  down^  and  the  water  in  the  (arequias  or)  w 
courses  splashed  over.    I  was  also  in  that  of  18^,  being  in  Santiago.     The 


motion  commenced  on  Saturday  the  S6th  of  September  at  twenty  mioutee  past 
2  P.M.  The  principal  undblations  appeared  to  come  from  the  south-east.  jIw 
great  shock  was  1^  minute  duration.  Half  an  hour  afterwards  there  was  a  afaovcr 
of  rain,  and  another  slight  shower  at  half-past  4  p.m.  The  weather,  however, 
before  the  earthquake  was  rather  inclined  for  rain.  During  the  night  of  the  Mk 
there  were  slight  shocks ;  also  some  on  the  following  days,  Sunday  and  Mondij. 
On  Friday  the  1st  of  October,  at  half-past  IS,  there  was  another  shock,  as  well  as 
at  half-past  1.  I  went  out  into  the  street  and  found  the  inhabitants  looking  at  t«o 
volcanoes  that  had  broken  out,  one  in  the  Dehsa,  behind  the  first  range  of  the  Cos^ 
dillera ;  the  other  in  the  mountains  of  Maipu  (which  last  was  observed  to  be  in  acti- 
vity just  after  the  eaithquake  of  the  26th),  the  smoke  rising  majestically.  In  Plem  I 
have  felt  many,  but  not  very  heavy  ones.  In  the  province  of  Tarapaca,  hrt.  90^ 
soutli,  I  have  noticed  them  as  occurring  two  or  three  times  a  month,  somctines 
accompanied  by  a  slight  rumbline  noise  which  appeared  to  be  subterraneous.  Bel 
on  one  occasion,  being  in  the  silver  mines  of  Guantajaya,  a  few  miles  east  of  the 
port  of  Iquique  in  the  province  of  Tarapaca  (these  mines  are  from  2000  to  9000  feel 
above  the  sea),  at  about  100  yards  perpendicular  depth  in  the  mine  a  flight  ramhiing 
noise  was  heard,  as  if  coming  from  the  Andes,  which  increased  and  then  passed 
onwards  to  the  west ;  the  noise  was  immediately  followed  by  a  horizontal  undalaftery 
movement,  then  a  vertical,  then  a  mixture  of  these,  or  a  shake,  and  then  all  was  ijuiet, 
save  a  commotion  occasioned  by  some  of  the  loose  stones  of  the  mine  idling  down- 
wards. My  impression  then  was,  and  still  continues,  that  earthquakes  in  the  refion 
under  discussion  (Peru  and  Chili)  ori^nate  from  volcanic  causes.  A  great  fiart  ^Ae 
Andes  is  volcanic ;  Chile  abounds  m  active  and  quiescent  volcanoes ;  and  in  the 
province  of  Tarapaca  there  are  the  volcano  of  Isluga,  with  its  five  craters,  the 
VolcancUot  or  water  volcanoes  of  Puchuttisa, — doubtless  many  quiescent  ones,— on 
its  northern  boundary  the  volcanic  group  of  Gualtieri,  and  on  its  southern  tlie  vel. 
canoes  of  Laguna,  Olea,  &c.**  ^ 

On  the  Negro  Races  cf  the  Indian  ArcMpehwo  and  Paci/ie  Iskmtb, 
By  w.  John  Crawfurd,  P.R,S, 

Oriental  negroes  are  found  thinly  but  widely  scattered  from  the  Andaman  islands 
in  about  80^  of  E.  longitude,  to  the  New  Hebrides  in  the  Pacific,  in  about  175^  B. 
longitude;  and  from  the  Philippine  islands  in  18^  N.  latitude,  to  New  Caledonia  in 
about  ^1^  S.  latitude.  These  eastern  negroes  are  known  to  Europeans  under  various 
names.  The  Malays  term  the  inhabitants  of  New  Guinea  Papua,  or  more  correctly 
Pua-pua.  Europeans,  taking  this  as  an  authority,  call  New  Guinea  and  its  inba* 
bitants  both  Papua. 

The  word  pua-pua  is  an  adjective  and  signifies  crisp,  frixzled,  woolly.  To  conw 
I)lete  the  sense  for  the  country  or  people,  it  is  necessary  to  state  the  nouns-substan* 
tive,  toNaA  =  country,  and  oro»= people.  Thus  oran  pua'pua=sti  woolly-beaded 
man ;  and  tanah  oran  pua^ua^s,  the  land  of  woolly-heacied  men. 

European  writers  have  also  sometimes  termed  them  Alfores;  which  word  has 
been  converted  by  English  and  French  writers  into  Arafura  and  Harafura,  and . 
referred  to  a  Malay  source.     It  is  not,  however,  Malay,  because  the  letter  F  is  not 
to  be  found  in  any  written  language  of  the  Indian  archipelago,  and  seldom  does  the 
sound  occur  in  any  of  the  unwritten  ones.    The  word  is  Portuguese^  and  nM^fif 
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freedman,  in  which  lense  H  is  adopted  by  the  natives  of  the  country.  It  is  nearly 
equJTalent  to  the  Jii4io$  bravoi  of  the  Spaniards,  as  they  term  the  free  unsubjugated 
Indians  of  Spanish  America. 

Spanish  writers  term  the  negroes  of  the  Philippine  islands,  from  their  diminutive 
file,  NcgrUoM^  ox  little  negroes.  Some  English  writers  have  latelv  termed  diem 
Austral  negroes,  which  is  manifestlv  improper,  since  they  are  found  equally  in  the 
northern  as  in  the  southern  hemisphere;  and  this  even  in  the  islands  of  the  Indian 
archipelago* 

The  oriental  n^gro  is  ever  found  in  a  state  of  civilisation  below  that  of  the  brown* 
complexioned  and  lank- haired  race  in  their  neiffhbourhood,  whether  these  be  Malayan 
or  Polynesian.  There  is  great  diversity  in  weir  civilization ;  some,  with  the  least 
possible  knowledge  of  the  commonest  arts  of  life,  live  precariously  on  the  spon« 
taneoua  produce  of  their  forests  and  waters,  both  animal  and  vegetable;  while 
others  practise  a',  rude  husbandry,  construct  boats,  and  undertake  coasting  voyages 
£»r  the  fishing  of  the  tortoise  and  tripang  or  holothurion. 

The  negro  of  the  Andaman  islands  is  below  five  feet  in  stature^  and  is  of  the  lowest 
dvilization.  The  negro  of  the  northern  portion  of  the  Malav  peninsula  is  also  of 
short  stature.  A  full-grown  male  of  average  height  was  found  to  measure  only  four 
feet  nine  inches.  The  n^o  of  the  Philippine  islands,  found  chiefly  on  the  lar^ 
island  of  Lucon,  is  also  diminutive.  They  dwell  in  the  mountains,  generally  maintain 
their  independence,  and  live  in  constant  warfare  with  the  Malays, 

There  are  no  negroes  in  Sumatra,  Java,  Borneo  and  Celebes,  nor  is  there  any 
record  or  tradition  of  any.  The  great  island  of  New  Quinea  is  almost  wholly  peopled 
l^  negroes,  who  differ  from  each  other,  and  more  so  from  those  distinct  races 
described  as  existing  in  the  Andaman  blands,  in  the  northern  parts  of  the  Malay 
peninsula  and  in  Lucon. 

M.  Modera,  an  officer  of  the  Dutch  navy,  has  described  two  n^o  tribes  which 
exist  on  the  west  coast  of  New  Guinea.  After  describing  one  of  these  tribes,  he 
lays,*— '^  In  the  afternoon  of  the  same  day,  at  the  time  of  high  water,  three  of  the 
naturalists  went  in  a  boat  well-armed  to  the  same  spot,  where  they  found  the  trees 
full  of  natives  of  both  sexes,  who  sprang  from  branch  to  branch  with  their  weapons 
on  their  backs,  like  monkeys,  making  similar  gestures  and  screaming  and  laughing 
as  in  the  morning.  And  no  ofiers  of  presents  could  induce  them  to  descend  from  the 
trees  to  renew  the  intercourse^." 

The  most  singular  physical  character  of  the  negro  of  New  Guinea  oonnsts  in  the 
texture  of  the  hair  of  the  head.  It  is  neither  that  of  the  n^o  of  Africa,  nor 
seemingly  that  of  the  oriental  negro  north  of  the  equator.  Mr.  hSurl,  who  has  seen 
most  c?  the  negro  tribes  of  New  Guinea,  and  who  best  describes  them,  gives  the 
following  account  of  it : — *^  The  most  striking  peculiarity  of  the  oriental  neero,'*  says 
he,  **  consists  in  their  Mzzled  or  woolly  hair.  This,  however,  does  not  spread  over  the 
surface*  of  the  head,  as  is  usual  with  the  negroes  of  western  Africa,  but  grows  in 
small  tufb,  the  hairs  which  form  each  tuft  iLeeping  separate  from  the  rest,  and 
twisting  round  each  other,  until,  if  allowed  to  grow,  they  form  a  .spiral  ringlet. 
Many  of  the  tribes,  especially  those  which  occupy  the  interior  parts  of  islands  whose 
coasts  are  occupied  by  more  civilized  races,  from  whom  cutting  instruments  can  be  ob- 
tained, keep  the  hair  closely  cropped.  The  tufts  then  assume  the  form  of  little  knobs 
about  the  size  of  a  large  pea,  giving  the  head  a  very  singular  appearance,  which  has  not 
inaptly  been  compared  to  that  of  an  old  worn-out  shoe-brush.  Others,  agun,  more 
especially  the  natives  of  the  south  coast  of  New  Guinea  and  the  islands  of  Torres 
Straits,  troubled  with  such  an  obstinate  description  of  hair,  yet  admiring  the  ringlets 
as  a  head-dress,  cut  them  off,  and  twist  them  into  matted  skull-caps,  thus  forming 
very  compact  wigs.  But  it  is  among  the  natives  of  the  north  coast  of  New  Guinea 
and  of  some  of  the  adjacent  islands  of  the  Pacific  that  the  hair  receives  the  greatest 
attention. .  These  open  out  the  ringlets  by  means  of  a  bamboo  comb  shaped  like  an 
eel-spaar,  with  nnmerous  prongs  spreading  out  laterally,  which  operation  produces 
an  enormous  bushy  head  of  hair,  which  has  procured  them  the  name  of  mop-headed 
Indians." 

There  are  fifteen  different  varieties  of  oriental  n^roes,  of  eleven  of  which  we  have 

*  Mr.  Windsor  Ssfl  on  the  Papuan  Indians,  Journal  of  Indian  Archipslago,  vol  iv*  p«  1* 
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good  deacriptions.  Some  of  them  are  feeble  dwarfsi  under  Bre  feet,  and  othen  arc 
powerful  men.  To  include  the  whole  under  one  category  is  surely  contrary  to  tnitb 
and  nature. 

As  far  as  language  can  be  considered  a  test  of  race,  and  as  the  present  state  of  oor 
knowledge  on  the  subject  will  enable  us  to  judge,  it  goes  to  prove  that  ail  the  races 
of  whose  languages  we  possess  examples,  are  separate  and  distinct  from  each  other. 
I  have  compared  the  words  of  nine  negro  languages.  Three  of  these  consist  of  the 
few  words  of  Mallicolo,  Tanna  and  New  Caledonia,  given  by  Foster  in  his  Obser> 
vations  on  Cook's  second  voyage,  and  six  of  55  words  of  the  Sftman  of  the  Malay 
peninsula  from  my  own  collection,  and  of  those  of  the  Gebe,  Waigjru,  New  Goine^ 
New  Ireland  and  Vanikoro,  the  scene  of  the  wreck  of  La  Perouse,  from  that  of  M. 
Gaimard. 

An  examination  of  these  comparative  vocabularies  corrects  one  error  of  very 
general  acceptance,  that  the  negro  languages  contain  no  Malay  words,  for  each  of 
the  nine  contains  Malay  words.  The  proportion  of  Malay  words  is  considerable  in 
the  languages  of  those  tribes  which  are  nearest  to  the  Malays,  and  therefore  most 
amenable  to  Malayan  influence,  and  diminishes  in  proportion  to  distance  or  other 
difficulty  of  communication.  Excluding  the  numerals,  which  in  most  cases  are 
Malayan,  the  proportion  in  100  words  of  the  Sdman  is  12;  in  the  Gebe  about  8;  in 
the  Waigyu  above  5;  in  the  Doree  Harbour  of  New  Guinea  near  4;  in  the  Fort 
Carteret  of  New  Ireland  6 ;  and  in  the  Vanikoro  little  more  than  3.  The  greater 
number  of  Malayan  words  in  all  these  negro  languages  consist  of  nouns  or  names  of 
physical  objects,  and  none  of  them  can  be  said  to  be  essential  to  the  grammatical 
structure.    They  are,  in  fact,  substantially  extrinsic. 

A  comparison  of  the  native  words  of  the  negro  languajres  themselves  shows  that 
they  agree  in  a  very  small  number  of  cases,  where  the  tribes  speaking  them  are  ia 
the  vicinity  of  each  other.  Thus  several  words  are  substantially  the  same  in  the 
Waigyu  and  in  the  New  Guinea.  This  is,  however,  the  exception,  and  the  rule  »  a 
total  disagreement. ,  Tlius  between  the  language  of  the  negroes  of  the  peninsula  of 
New  Guinea  and  of  New  Ireland  there  is  not  one  word  alike.  There  is  no  evidence 
therefore  to  justify  the  conclusion  that  the  oriental  negro,  wherever  found,  is  of  one 
and  the  same  race.  ^__«. 

On  the  Geography  of  Borneo,  superadding  a  Description  of  the  Condition  cf 
the  Island  and  of  its  chief  Products,  illustrated  by  Historical  R^erentes. 
By  W,  J.  Crawfurd,  F.R.S. 

Ona  proposed  Canal  across  the  Isthmus  ofDarien,    By  Dr.  Cullen. 


Notes  on  Cambodia.    By  Windsor  Earl. 


A  Synopsis  if  Seventy -two  Languages  of  Abyssinia  and  the  a^aoeni  Coh$^ 
tries.    By  Antoine  D'Abbadie,  Paris. 


On  an  Oreographical  Map  of  Finland.    By  Baron  Hartmamn. 


Letter  to  Mr.  Stevens  on  his  Ascent  of  Mount  AraraL    By  M.  Khanikofp. 

''We  were  with  Colonel  Khodzko  and  four  other  travelling  companions  upon  the 
snow-crowned  head  of  this  graul,  17,000  English  feet  high,  during  the  6th  of  Augnft. 
The  ascent  does  not  present  upon  the  side  which  we  attempted — that  is  to  say,  the 
Natchwaco  side — any  great  difficulties ;  above  all,  with  the  ample  means  which  we 
had  at  our  disposal,  consisting  of  cossacks,  soldiers,  peasants,  beasts  of  burden,  tents, 

Eroyisions,  fuel,  &c.    For  myself,  I  remained  twenty-four  hours  upon  the  U^, 
aving  maintained  an  uninterrupted  series  of  horary  observations  of  the  barometer, 
the  thermometer,  and  the  psycnrometer,  to  determine  the  diurnal  cbangea  in  the 
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pretsare  of  the  air»  the  temperature  and  the  humidity  at  so  considerable  a  height.  I 
descended  with  Dr.  Maretz ;  but  Colonel  Khodzko  remained  from  the  7th  to  the 
]2thy  having  to  make  a  series  of  observations  on  terrestrial  refraction,  while  the 
unstable  condition  of  the  limpidity  of  the  air  during  the  unfavourable  summer  of  the 
last  year  did  not  permit  him  to  work  without  great  interruptions.  What  shall  I  say 
of  the  efiect  of  this  vast  height  upon  men's  constitutions  ?  It  does  not  make  itself 
felt  except  epon  the  organs  of  respiration,  which  are  considerably  oppressed  by  the 
laritv  of  the  air,  of  which  the  mean  pressure  on  the  sea-coast  corresponds  with  a 
height  of  mercury  in  the  barometer  of  760  millimetres,  while  upon  the  summit  of 
the  Great  Ararat  it  was  only  410  millimetres ;  this  causes  a  certain  inconvenience  to 
be  felt  all  over  the  body,  and  makes  one  feel  that  the  circulation  of  the  blood  is  not 
carried  on  as  usual.  A^  to  the  other  symptoms  indicated  by  several  travellers — such 
as  ti^tness  of  the  skin,  loss  of  blood  by  the  lips,  the  gums,  the  ears,  and  even  the 
eyes,  consequent  upon  a  nervous  excitement  resembling  delirium — nothing  of  the 
kind  was  experienced  by  any  of  us.  In  fact,  the  inconveniences  of  our  position, 
which  certainly  was  not  very  comfortable,  arose,  not  from  the  height  at  which  we 
were;,  but  from  the  cold  which  prevails  at  that  height  (to  be  experienced  everywhere 
around  in  winter),  and  from  the  snow  upon  which  we  lay  and  in  which  our  little 
tent  was  overwhelmed.  During  the  greater  part  of  the  time  the  thermometer  was 
between  9^  and  27^  Fahrenheit,  which  with  the  violent  wind  which  prevails  con* 
stantly  in  these  regions  forms  a  temperature  not  very  agreeable." 


On  the  Ethnological  Position  of  the  JBrdhuiy  and  on  the  Languages  of  the 
Parqpamisus.    By  R.  G.  Latham,  M.D.y  F.B.S, 

Both  these  papers  were  thrown  into  one,  as  the  question  bore  upon  the  ethnology 
of  India.  The  Brah(ii  are  a  peculiar  people,  with  a  peculiar  language,  in  Bituchistan, 
Mekran,  and  part  of  Scinde.  It  had  been  suggested  by  Lassen  that  their  tongue 
had  affinities  with  the  southern  (Taniulian)  tongues  of  India.  This,  by  new  facta,  is 
placed  beyond  doubt.  If  so,  the  displacement  by  which  they  are  now  isolated  is 
remarkable.  Reasons  were  given  for  considering  the  Brahiii  as  an  old  and  aboriginal 
population  of  the  parts  they  now  occupy  rather  than  recent  settlers. 

The  Paropamisan  languages  are  those  of  Wokhan  and  Shucnan,  on  the  head- 
waters of  the  Oxus ;  those  of  the  Dardos  and  Dhungers  on  the  Indus;  those  of  the 
Siaposh  and  Chitrali  on  the  Konur ;  and  those  of  the  Pashai  and  Lugmani,  on  or 
near  the  Cabul  river.  To  these  may  be  added  the  Baraki,  the  Dir  and  the  Tirhai, 
whose  locality  was  once  as  far  south  as  the  middle  of  Afghanistan.  The  great  dis- 
placements involved  in  the  present  confined  limits  of  these  populations  were  enlai^ed 
on.    Their  language  was  transitional  to  the  monosyllabic  tongues  and  Persian. 


On  the  Volcanic  Group  ofMilo.    By  Lieut.  Leicester,  R.N. 


On  the  Systematic  Classification  of  Water'Sheds  and  Watet'Easins. 
By  the  Rev.  C.  J.  Nicolay,  F.E.G.S. 


Sir  R.  I.  Murchison  brought  before  the  Section  some  notes  of  Sir  James  Brooke, 
the  Rajah  of  Sarawak,  **  On  the  Geography  of  the  Northern  Portion  of  Borneo." 
He  pointed  out  the  present  state  of  our  acquaintance  with  the  geography  of  this 
great  island,  as  derived  from  the  researches  of  British  travellers  and  surveyors,  and 
as  published  in  the  recent  map  compiled  by  M.  Petermann.  He  described  the 
communication  of  the  Rajah  as  important,  in  making  known  the  ascent,  by  Mr.  Low, 
of  the  lofty  mountain  of  Kira  Balav  (near  14,000  feet  above  the  sea),  situated  in 
tlie  northnrastem  district,  and  the  intention  of  Mr.  St.  John  to  proceed  up  the 
Barram  river  between  Sarawak  and  Labuan,  and  to  visit  the  populous  country 
of  the  Kayans  and  perhaps  that  of  the  Kuineah — a  people  unknown  to  our  geo- 
hy,  but  numerous  and  hospitable,  and  speaking  a  language  distinct  from  the 
lorDyaks. 
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The  Rajah  adcl«,  *<  Some  letters  from  the  Kyan  chiefs  of  Bamm  have  latdjr  bees 
printed  by  order  of  the  House  of  Commons,  and  will  point  out  where  the  real  danger 
to  the  progress  of  geographical  research  is  to  be  apprehended." 


On  the  Ethnologic  and  ArchcBology  of  the  Norse  and  Saxons^  in  r^enmce  to 
Britain.    By  W.  D.  Saull,  F.G.S.,  Ethn.  Soc. 


Ethnological  Researches  in  Santo  Domingo.    By  Sir  R.  Schomburgk*. 

The  following  are  extracts  from  the  letter  of  the  15th  of  March  1851,  addrawed 
hy  Sir  R.  Schomburgk  to  Prince  Albert.—*'  it  is  a  melancholy  fact,  that  of  the  millions 
of  natifes  who  at  the  discovery  peopled  the  island  of  Santo  Domingo,  not  a  aiagle 
pure  descendant  now  exists ;  but  a  careful  observer  of  the  mixed  races  that  in  a  grant 
measure  form  the  population  of  the  Dominican  republic  will  occaaionadly  traoe 
among  them  the  cbaracteriBtic  features  of  the  aborigines.  Some  ttocke  of  the 
human  race  retain  their  characteristics  much  more  tenaciously  than  others  ;  the 
peculiarities  of  one  being  lost  in  a  few  generations,  and  those  of  another  beiqg 
transmitted  through  several.  I  have  never  seen  that  tenacity  more  displayed  than 
among  the  mixed  race  who  to  this  day  are  called  *  Indios'  iln  Santo  Domingo,  smd 
in  whom  the  peculiarities  of  the  pure  Indian  have  preserfed  themselves  for  more  thaa 
two  centuries.  This  observation  refers  chiefly  to  the  female  sex  of  the  so-called 
'  Indies.'  Their  symmetrical  forms,  the  pure  olive  complexion  and  sofk  skin,  their 
large  black  eyes,  and  the  most  luxuriant  hair  of  an  ebony  colour,  attest  at  ooce 
their  descent  from  the  Indian  stock.  We  are  told  by  the  historians  that  the  last 
remnant  of  the  Indians,  amounting  to  from  three  to  four  hundred,  retired  under 
Enrique,  the  last  of  the  Cacioues  of  St.  Domingo,  to  Boya,  a  village  about  thirty  miles 
to  the  N.N.E.  of  the  city.  Enrique  had  been  converted  to  the  Christian  retigioo, 
and  the  Emperor  Charles  the  Fifth  ensured  to  this  remnant  of  the  aborigines  civil 
rights  and  conferred  upon  him  the  title  of  Don.  This  miserable  fragment  of  a  once 
powerful  nation  soon  vanished  from  the  earth,  borne  down  by  their  misfortunes  and 
the  diseases  introduced  by  the  Spaniards.  The  extirpation  of  the  pure  Indian  race 
prevented  me  from  making  comparative  inquiries  between  the  still  existing  tribes  of 
Guiana  and  those  that  once  inhabited  St.  Domingo.  My  researches  were  therefore 
restricted  to  what  history  and  the  few  and  poor  monuments  have  transmitted  to  a« 
of  their  customs  and  mannerj.  Their  language  lives  only  in  the  names  of  places, 
rivers,  trees,  and  fruits,  but  all  combine  in  declaring  that  the  people  who  bestowed 
these  names  were  identical  with  the  Carib  and  Arawaak  tribes  of  Guiana, 

**  An  excursion  to  the  calcareous  caverns  of  Pommier,  about  ten  leagues  to  the  west 
of  the  city  of  Santo  Domingo,  afforded  me  the  examination  of  some  picture-writings 
executed  by  the  Indians  afler  the  arrival  of  the  Spaniards.  These  remarkable  caves, 
which  are  already  in  themselves  of  high  interest,  are  situated  within  the  district 
over  which,  at  the  landing  of  the  Spaniards,  the  fair  Indian  Catalina  reigned  as 
Cacique.  Oviedo  relates  that  she  knew  how  to  captivate  the  Arragonin,  Miguel  Diaz, 
In  consequence  of  a  brawl  with  one  of  his  companions,  whom  he  supposed  that  he 
had  mortally  wounded,  Diaz  fled  from  Isabella  and  found  an  asylum  at  Catalina's 
village.  Fearful  of  losing  her  lover,  who  after  a  few  months  seemed  to  long  to 
return  to  his  companions  and  his  accustomed  occupations,  Catalina  employed  the 
most  powerful  means  she  could  have  resorted  to  in  order  to  induce  the  Spaniards  to 
settle  within  her  own  territory,  concluding  naturally  that  this  would  ensure  the  con- 
tinued presence  of  Diaz.  She  related,  therefore,  that  the  adjacent  mountaina  poa* 
sessed  rich  mines,  and  drew  bis  attention  to  the  superior  fertility  of  the  soil,  whkh 
so  much  surpassed  that  upon  which  Columbus  had  founded  Isabella;  moreover  that 
the  river  Ozama  afforded  at  its  entrance  a  secure  and  fine  harbour.  Diai  returned 
with  this  information  to  Isabella,  where  he  found  to  his  joy  the  man  recovered  finom 
his  wounds  whom  he  thought  he  had  killed,  and  the  report  of  the  rich  mines  produced 
him  an  easy  pardon.  The  Adelantado,  Bartholomew,  who  governed  in  the  abaence 
of  his  brother,  visited  the  district  himself,  and  erected,  in  1496^  a  fortified  tower  in 

*  Communicated  by  H.R.H.  Prince  Albert. 
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the  neighbourhood  of  the  mines,  which  he  called  San  Cristobal;  but  the  workmen 
who  built  it,  finding  the  precious  meul  even  in  the  stones  they  used  for  its  con- 
struction,  named  it  the  *  Golden  Tower.'  The  mines  were  soon  exhausted,  and 
the  country  assumed  again  the  aspect  of  exuberant  nature.  When,  therefore,  the 
oovetousness  and  cupidity  of  the  Spaniards  sacrificed  the  lives  of  millions  of  Indians 
to  their  idol.  Gold,  the  caverns  which  previously  had  only  been  used  for  their  wor- 
ship became  now  a  retreat  from  the  Spanish  crossbows,  and  the  frightful  bloodhound 
sent  in  pursuit  of  the  poor  Indian,  **  I  was  greatly  interested  in  a  number  of  syro- 
bolic  pictures  which  the  Indians  had  traced  with  charcoal  on  the  white  and  smooth 
walls  of  one  of  the  smaller  caves,  which  bears  at  present  the  name  of  the '  Painted 
Chamber.*  Peter  Martyr  of  Angleria,  the  contemporary  of  Columbus,  aud  one  of 
the  earliest  historians  of  his  discoveries,  relates,  in  his  first  decade  of  the  '  Ocean,' 
that  the  aborigines  of  Santo  Domingo  held  caves  in  great  veneration,  for  out  of  them, 
they  say,  came  the  sun  and  moon  to  give  light  to  the  worid,^and  mankind  likewise 
iasued  from  two  caves  of  unequal  height  according  to  the  size  of  their  statures.  In 
the  general  uncertainty  which  prevails  with  regard  to  these  monuments  of  by-gone 
races,  it  was  particulariy  gratifying  to  find  these  sculptures,  which  afforded  a  olue  to 
the  period  when  they  were  executed.  *  *  Near  the  entrance  of  a  second  cave,  close 
to  the  former,  I  observed  some  carvings  in  the  rock.  The  character  of  these  figures, 
and  their  being  cut  in  the  hard  substance  of  stone,  prove  an  origin  of  a  more 
remote  date  than  those  in  the  other  cave.  *  *  Baron  Humboldt  observes,  when 
alluding  to  the  carvings  he  met  on  the  banks  of  the  Orinoco,  that  *  it  must  not  be 
forgotten  that  nations  of  very  different  descent'  when  in  a  similar  uncivilised  state, 
haying  the  same  disposition  to  simplify  and  generalize  outlines,  and  bdng  impelled 
by  inherent  mental  dispositions  to  form  rhythmical  repetitions  and  series,  may  be  led 
to  produce  similar  signs  and  symbols.'  Baron  Humboldt  had  only  opportunity  to 
view  the  carved  figures  on  the  banks  of  the  Orinoco,  but  the  examination  of  a  great 
number  of  these  symbols  shows  to  me  that  there  is  a  great  difference  in  their  ch»« 
racter  and  execution ;  nor  is  it  my  opinion  that  the  idols  worked  in  stone  and  the 
carvings  on  the  rocks  were  executed  by  the  races  that  inhabited  South  America  and 
the  West  Indies  at  the  time  of  their  discovery.  They  belong  to  a  remoter  period, 
and  prove  much  more  skill  and  patience  than  the  simple  figures  painted  with  chaiw 
coal  on  the  walls  of  the  cave  near  Pommier.  The  figures  carved  ot  stone  and  worked 
without  iron  tools,  denote,  if  not  civilization,  a  quick  conception,  and  an  inexhaustible 
patience  to  give  to  these  hard  subsunces  the  desired  forms.  *  *  With  respect  to  the 
age  or  epoch  when  the  figures  sculptured  of  stone  were  executed  there  is  no  tradition. 
It  is  remarkable  that  they  are  only  found  where  we  have  sure  evidence  that  the 
Caribs  inhabited  or  visited  the  place.  I  have  no  reason  to  believe  that  they  were 
made  by  the  Caribs,  which  opinion  I  am  the  more  inclined  to  adopt  on  comparing 
them  with  the  tools  and  utensils  executed  by  the  still  existing  tribes  I  met  in  Guiana. 
There  are,  however,  various  proofs  that  the  Caribs  inhabited  Santo  Domingo ;  among 
others,  I  found  at  the  eastern  point  of  the  island,  called  Junta  Engano,  numerous  heaps 
of  Conch  shells  (£»^rom^  gigof)'  These  shells  have  invariably  a  hole  near  the  spire, 
which  has  been  mode  for  the  purpose  of  detaching  the  animal  from  the  shell,  and 
to  extract  it  with  ease.  I  met  a  large  number  of  similar  piles  at  the  island  of 
Anegada,  which  the  historians  of  the  Antilles  ascribe  to  the  Caribs,  who,  on  their 
descent  from  the  Lucuyas  to  wage  war  upon  the  natives  of  Puerto  Rico,  touched 
first  at  Anegada  in  order  to  provision  themselves  with  conchs  for  their  expedition. 
A  far  more  interesting  diicovery  than  these  heaps  of  conch  shells,  during  my  travels 
in  Santo  Domingo,  is,  however,  a  granitic  ring  in  the  neighbourhood  of  San  Juan  de 
Magnana,  which  seems  to  have  entirely  escaped  the  attention  of  previous  historians 
and  travellers.  Maguana  formed  one  of  the  five  kingdoms  into  which  Santo  Do* 
minpo,  on  the  arrival  of  the  Spaniards,  was  divided.  It  was  governed  by  the  Carib 
Cacique  Caonabo  (which  name  signifies  nmOi  the  most  fierce  and  powerful  of  the 
chieftains,  and  the  irreconcileable  enemy  of  the  Europeans.  His  favourite  wife  was 
the  unfortunate  Anacaona,  famed  in  the  island  for  her  beauty,  her  wisdom,  and,  aa 
recorded  by  all  the  early  historians,  for  her  kindness  towards  the  white  men.  Never- 
theless, OVando,  when  governor  of  Santo  Domingo, 'accused  her  of  conspiracy,  and 
carried  her  in  chains  to  the  city  and  ignominiouslv  hanged  her  in  the  presence  of  the 
people  whom  she  had  so  long  and  so  signally  bemended.    The  granitic  ring  is  now 


Digiti 


zed  by  Google 


92  REPORT — 1851. 

known  in  the  neighbourhood  under  the  name  of  *  el  Cercado  de  los  Indios,'  and  lies 
on  a  savannah  surrounded  with  groves  of  wood,  and  bounded  by  the  river  M aguana. 
The  circle  consists  mostly  of  granitic  rocks,  which  prove  by  their  smoothnest  that 
they  have  been  collected  on  the  banks  of  a  river,  probably  at  the  Maguana,  although 
its  distance  is  considerable.    The  rocks  are  mostly  each  from  Uiirty  to  fifty  poaocU 
in  weight,  and  have  been  placed  closely  together,  giving  the  ring  the  appearance  of 
a  pav&i  road,  21  feet  in  breadth,  and,  as  far  as  the  trees  and  bushes  which  had  gfown 
up  from  between  the  rocks  pei*mitted  one  to  ascertain,  ^70  feet  in  circumference. 
A  large  granitic  rock,  5  feet  7  inches  in  length,  ending  in  obtuse  points,  lies  neariy 
in  the  middle  of  the  circle  partly  imbedded  in  the  ground.    1  do  not  think  that  its 
present  situation  is  the  one  it  originally  occupied ;  the  rock  stood  probably  in  the 
centre.    It  has  been  smoothed  and  fashioned  by  human  hands ;  and  although  the 
surface  has  suffered  from  atmospheric  influence,  there  is  evidence  that  it  was  to 
'represent  a  human  figure:   the  cavities  of  the  eyes  and  mouth  are  still   visible. 
This  rock  has  in  every  respect  the  appearance  of  the  figure  represented  by  Pere 
Charlevoix  in  his  *  Mistoire  de  Tile  Espagnole  ou  de  Saint- Domingue,'  which  be  de- 
signates as  a  'Figure  trouv^  dans  une  sepulture  Indienne.'    A  pathway  of  the 
same  breadth  as  the  ring  extends  from  it  first  due  west,  and  turns  afterwards  at  a 
rieht  angle  to  the  north,  ending  at  a  small  brook.    The  pathway  is  almost  for  its 
whole  extent  overgrown  with  thick  forest;  I  could  not,  therefore,  ascertain  the 
exact  length.    No  doubt  can  exist  that  this  circle  surrounded  the  Indian  idol,  and 
that  within  it  thousands  of  the  natives  adored  the  deity  in  the  unshapen  form  of  the 
granite  rock.     But  another  question  remains  to  be  solved,  namely,  Were  the  inha- 
bitants whom  the  Spaniards  met  in  the  island  the  constructors  of  this  ring?     Were 
they  the  adorers  of  this  deity  ?    I  think  not.  *  *  Among  the  antiquities  recently 
discovered  near  San  Diego,  within  a  day*s  march  of  the  Pacific  Ocean,  at  the  head 
of  the  Gulf  of  California,  were  likewise  granitic  rings  or  circular  walls  round  vene- 
rable trees,  columns,  and  blocks  of  hieroglyphics.     If  my  opinion  could  possess  any 
value,  I  should  prouounce  the  granitic  ring  near  San  Juan,  the  figures  which  I  have 
seen  cut  into  rocks  in  the  interior  of  Guiana,  and  the  scuplturedfigures,  to  belong  to 
a  race  far  superior  in  intellect  to  the  one  Columbus  met  in  Hispaniola,  who  came 
from  the  northern  parts  of  Mexico,  adjacent  to  the  ancient  country  or  district  of 
Huastecas,  and  that  this  race  was  conquered  and  extirpated  by  the  nations  that  in- 
habited the  countries  when  the  Europeans  landed.  *  * 

^I  venture  to  hope  that  the  account  of  my  discoveries  of  afew  monuments  that  have 
descended  to  us  of  a  by-gone  race,  may  not  be  entirely  unacceptable.  I  intend  to 
commence  my  journey  to  the  northern  provinces,  for  the  execution  of  which  I  have 
already  received  the  permission  of  Lord  Palmerston ;  in  a  few  days  I  promise  myself 
a  rich  harvest  among  the  ruins  of  the  first  settlements  and  fortifications  which  the 
Europeans  erected  in  the  New  World." 


On  the  Geography  of  Kumdon  and  Garkwdl  in  the  Himdlaya  Maunimns* 
By  Capt  R.  Strachby,  Bengal  Engineers. 

Capt  Strachey  began  by  giving  a  sketch  of  the  general  configuration  of  the  surface 
of  Central  Asia,  in  which  he  pointed  out  that  the  elevated  region  known  as  Tibet, 
formed  the  summit  of  a  great  protuberance  above  the  generiu  level  of  the  earth's 
surface,  of  which  the  two  mountain  chains,  known  by  the  name  of  the  Himalaya  and 
Kouenhen,  were  nothing  more  than  the  south  and  north  faces,  these  ranges  having 
no  definite  special  existence  apart  from  the  general  mass.  He  then  proceeded  to 
give  a  more  detailed  account  of  the  main  physical  features  of  the  British  provincea 
of  Kum&on  and  Garkwdl  in  the  Himalaya,  and  of  the  part  of  Tibet  contiguous  to  our 
frontier,  to  which  his  own  observations  had  been  restricted.  The  plains  of  northern 
India  extend  along  the  entire  southern  edge  of  the  Himalaya  over  about  500,000 
square  miles,  nowhere  exceeding  in  elevation  1200  feet  above  the  sea.  From  these 
rise  the  mountains  suddenly  and  in  a  well-defined  line.  The  exterior  range,  call^ 
the  Siwaliks  bv  Dr.  Falconer  and  Col.  Cautley,  is  of  no  great  elevation,  hardly  ez- 
ceedine  3000  teet.  The  characteristic  tracts  of  swamp  and  dry  forest  that  occur 
along  Its  southern  face,  known  as  Tarai  and  B^dbar,  and  the  loi^tudinal  vall^ya 
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called  Ddn  along  its  northern  slope,  were  described.  Immediately  above  these  rise 
the  first  ranges  of  the  great  mountain  region  that  extends  to  the  north  over  a  breadth 
of  upwards  of  i2(K>  miles.  The  loftiest  peaks,  some  of  which  exceed  28,000  feet  in 
height,  are  usually  found  along  a  line  80  or  90  miles  from  the  southern  edge  of  the 
chain,  which  in  Ikum&on  neither  is  coincident  with  the  water-shed,  nor  forms  a  con- 
tinuous ridge,  but  is  broken  up  into  groups  separated  by  deep  gorges,  and  connected 
by  transverse  spurs  with  the  water-shed  ranee  that  runs  20  or  30  miles  further  to  the 
north.  On  crossing  this  water.shed,  which  forms  the  boundary  between  Tibet  and 
our  provinces,  the  traveller  finds  himself,  not  without  astonishment,  on  a  plane 
150  miles  in  length,  and  36  or  40  in  breadth,  the  elevation  of  which  varies  from 
16,000  feet  along  its  southern  edge,  to  14,500  feet  in  its  more  central  parts,  where 
it  is  cut  through  by  the  river  Sutlej.  It  is  everywhere  intersected  by  stupendous 
ravines,  that  of  the  Sutlej  being  nearly  3000  feet  deep,  which  are  furrowed  out  of 
the  alluvial  matter  of  which  the  plain  is  composed.  The  mountains  that  bound  this 
plain  to  the  north  hardly  enter  the  resion  of  perpetual  snow,  the  famous  peak  of 
Kaii&s^  which  is  nearly  22,000  feet  in  altitude,  being  the  highest  point. 

Capt  Strachey  then  gave  a  brief  account  of  his  first  journey  into  this  countnr,  in 
which,  in  company  with  Mr.  J.  E.  Winterbottom,  he  reached  the  lakes  of  Rakas, 
T&l  and  Mdnaiarowar,  which  are  found  towards  the  eastern  extremity  of  the  plain 
at  an  elevation  of  15,200  feet. 

A  general  view  of  the  geology  of  these  regions  followed,  from  which  it  appeared 
that  from  the  Siwalik  range,  which  was  before  known  to  be  of  tertiary  age,  the  moun- 
tains are  formed  of  metamorphic  rocks,  until  we  pass  the  line  of  greatest  elevation. 
We  then  again  find  fossiliferous  rocks  which  form  a  regular  sequence  from  the  lower 
Silurian  to  the  tertiary  formations.  Fossils  from  all  of  these  beds  have  been  col- 
lected and  brought  to  this  country  by  Captain  Strachey.  It  is  of  the  tertiary  beds 
that  is  composed  the  great  plain  already  described,  and  in  them  have  been  found  fos- 
silized remains  of  elephants  and  rhinoceros  at  an  elevation  of  between  14,000  and 
15,000  feet  above  the  sea. 

From  a  general  consideration  of  these  circumstances,  it  was  inferred  that  thepre- 
sent  wonderfiil  development  of  the  Himalaya  and  of  the  elevated  regions  of  Tibet 
dates  no  further  back  than  the  tertiarv  period,  being  in  fact  one  of  the  most  recent 
changes  that  the  surface  of  the  earth  has  undergone. 

Proceeding  from  the  solid  crust  of  the  earth  to  its  aerial  covering,  an  account  was 
next  given  of  the  chief  meteorological  phaenomena,  among  which  it  will  be  sufficient 
to  specify  two  of  the  most  remarkable,  namely,  the  glaciers  and  perpetual  snow. 
Glaciers  were  shown  to  abound  in  all  parts  of  the  mountains  covered  with  perpetual 
snow,  descending  as  low  as  11,500  feet. 

The  snow-line,  the  height  of  which  has  given  rise  to  much  discussion,  was  stated 
to  descend  to  about  15,500  feet  on  the  southern  &ce  of  the  Himalaya,  while  it  was 
pointed  out,  that  as  we  advance  to  the  north  of  the  great  peaks  and  stand  on  the 
mountains  bordering  the  Tibetan  plain,  the  snow-line  has  receded  to  19,000  or  20,000 
feet.  This  phsenomenon  was  shown  to  depend  chiefly  on  the  fact,  that  the  quantity 
of  snow  that  falls  to  the  north  of  the  great  Himalayan  peaks,  is  far  less  than  that 
which  falls  on  their  southern  slopes. 

Capt.  Strachey  then  passed  to  the  description  of  the  vegetation  of  these  moun- 
tains. Its  character  was  shown  to  be  truly  tropical  up  to  elevations  of  about  4000 
feet,  though  even  from  3000  feet  some  of  the  forms  of  temperate  climates  begin  to 
appear.  The  remarkable  admixture  of  these  temperate  forms  with  those  of  the  torrid 
zone,  that  is  met  with  in  the  valleys  of  the  laiger  rivers  that  penetrate  at  a  very  low 
level  far  into  the  interior  of  the  mountains,  was  also  noticed.  Above  4000  feet,  oaks, 
rhododendrons  and  andromeda,  form  a  very  great  proportion  of  the  forest  up  to  7000 
feet;  although  in  manv  places  the  Ptfi«#  Um^otia  clothes  the  slopes  of  the  hills  to 
the  exclusion  of  everything  else,  nearly  within  the  same  limits  of  from  3000  to  6000 
feet. 

As  we  ascend  species  of  the  deciduous  trees  of  colder  climates  are  introduced,  and 
they,  with  the  addition  of  other  pines,  prevail  in  the  upper  parts  of  the  forest,  from 
8000  to  11,500  feet,  where  arboreous  vegetation  is  usually  found  to  terminate  rather 
suddenly^  Above  this  a  more  open  tract  succeeds  in  which  the  v^etation  is  for  the 
jQost  part  herbaccottSy  few  ihrubt  ascending  so  high  as  14^000  feet. 
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Ai  we  recede  in  our  progress  to  the  north,  behind  the  higher. summits  of  tlie  i 
the  country  rapidly  becomes  more  arid;  and  when  we  reach  the  plain  of  Tibet,  ve 
find  it  to  be  almost  a  desert,  on  which  few  plants  rise  even  to  the  neigfat  of  a  «ii^ 
foot. 

The  vegetation,  which,  though  scanty,  is  still  highly  interesting  from  ha  annilHtty 
to  that  of  the  arctic  r^ons,  may  be  considered  finally  to  cease  at  about  17*000  or 
18,000  feet. 

After  referring  to  the  agriculture  of  this  tract,  in  which  the  profitable  coItivackM 
of  the  cereal  grains  was  shown  to  be  carried  up  to  about  14,000  feet,  Capt.  Stracbey 
concluded  by  an  account  of  some  of  the  zoological  characteristics  of  the  Tibetan 
plateau.  He  mentioned  more  particularly  the  Kyang  or  Wild  Ass,  the  Tak,  the 
wild  and  domestic  Sheep  and  Goat,  the  Ounce,  and  other  animals,  spedmeos  of 
which  he  brought  with  him  from  that  country,  and  which  have  lately  been  set  up  ie 
the  East  India  Company's  Museum. 


On  the  Inhabitants  ofKumdon  and  Garhwdl. 
By  John  Strachet,  Bengal  Engineers. 

After  alluding  to  the  difiiculty  of  arriving  at  satisfisictory  condosiont  regarding  the 
ethnological  relations  of  the  tribes  inhabiting  the  Him&laya,  in  consequence  of  that 
range  of  mountains  lying  on  the  boundary-line  between  two  or  more  racea,  Mr. 
Stracbey  proceeded  to  give  some  account  of  the  people  called  Khasiya,  which  com- 
prises  the  greater  part  ofthe  inhabitants  of  Kum&on  and  Garhwiil.  A  tribe  of  the  same 
name  is  spread  extensively  over  the  greater  part  of  the  Nepalese  territories^  and  it 
haa  been  assumed,  from  this  circumstance  and  other  facts  observed  in  the  mrtiiiu 
parts  of  the  Himalaya,  that  the  Khasiyas  generally  are  a  people  of  mixed  Tibetan 
and  Indian  race.  Although  this  may  perhaps  be  true  or  the  Khasiyas  of  Eaatera 
Nep41,  Mr.  Strachey  considered  that  it  was  by  no  means  proved  to  be  the  case  aa  to 
those  of  Kum4on,  and  he  doubted  whether  the  signs  of  any  non-Indian  stock  weie 
more  definite  in  the  people  of  Kum6on  than  in  those  of  the  plains  of  Northern  Hia* 
dustan.  In  form  and  feature,  in  language,  religion,  and  customs,  the  Kbatiyaa  of 
Kum&on  appear  to  be  Hindu,  and  all  their  sentiments  and  prejudices  are  so  ttrongfy 
imbued  with  the  peculiar  spirit  of  that  faith,  that  althou^  their  social  habiu  and 
religion  are  often  repugnant  to  Hindu  orthodoxy,  it  is  difficult  for  one  who  knows 
them  to  consider  them  as  anything  but  Hindu.  The  custom  o^  polyandry  doea  not 
prevail  in  Kumdon  and  Garhw6l.  Mr.  Strachey  pointed  out  why  ne  considered  that 
the  existence  of  this  custom  did  not  necessarily  prove  deftcent  from  a  Tibetan  stock, 
and  how  it  might  grow  up  in  a  purely  Hindu  community,  as  a  con8e«|uence  of  the 

fmeral  social  state.  Historical  evidence  helps  to  confirm  the  opinion  that  the 
hasiyas  of  Kumdon  are  of  Hindu  origin.  It  is  proved  by  ancient  inscriptions  found 
in  Garhwdl,  that,  say  fifteen  hundred  years  ago,  the  Hindu  religion  was  in  full  fiitce 
In  these  provinces,  and  that  in  the  country  itself  the  people  were  then  known  by  the 
name  Khasa.  In  Manu,  the  Mah&bh6rata,  and  in  several  of  the  Puiinas,  we  read  of 
a  race  of  Kshatrwas  called  Khasa,  dwellers  in  mountains,  who  have  become  degiaded 

S'  the  neglect  or  religious  rites,  and  it  is  curious  that  the  Khasiyas  of  Kuni6on  at 
e  present  day  give  an  almost  exactly  similar  account  of  themselves.  After  speakiBg 
of  some  ofthe  social  and  economical  peculiarities  of  the  Khasiyas,  Mr,  Strachey  pro- 
ceeded to  give  an  account  of  the  Bh6tiyas,  the  most  important  of  the  tribn  of 
Tibetan  origin  found  in  Kumdon  and  GarhwAl,  inhabiting  the  eountr^r  near  the 
Tibetan  ftt^ntier,  among  the  highest  parts  of  the  Himalayan  chain.  Thar  villages 
are  situated  at  elevations  varying  from  7000  to  12,000  feet  above  the  sea;  but  the 
Bh6tiya8  derive  their  chief  means  of  subsistence,  not  from  agriculture,  bot  fivm  the 
carrying  trade  between  Tibet  and  the  Cis-Himalayan  states,  of  which  they  posseai  a 
monopoly.  An  account  was  given  of  this  trade,  and  of  their  general  habits,  religion, 
languages,  Stc,  Of  their  Tibetan  origin  there  can  be  no  doubt.  The  adjolnmg  pro- 
vince of  Tibet  was  also  referred  to.  The  name  of  this  country  is  Himdes,  the  land 
of  HunM ;  not  Hiundet,  the  snow-country,  nor  O&ndet,  the  wool-country,  as  it  has 
been  variously  termed.  Fron  ancient  inscriptions  found  in  Garhwil,  of  which  Mr. 
Strachey  intended  to  give  an  account  hereafter,  it  is  proved  that  the  coaotiy  in  ^oei* 
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tloD  wts  ctUed  Hmm  probably  more  than  1000  yean  ago,  and  there  can  be  no  doubt 
that  the  race  of  Huna9,  often  mentioned  in  the  Pur&nat,  must  be  referred  to  the 
•ame  country.  This  fact  seems  to  help  to  corroborate  the  views  of  the  Chevalier 
BuBten  and  of  other  ethnologists  regarding  the  origin  of  the  Huns  in  the  countries 
on  the  northern  borders  of  the  Himalaya. 


Notice  of  Travels  in  Asia  Minor.    By  Pierre  de  Tchihatchefp, 


Observations  on  some  Aboriginal  Tribes  ofNeio  Holland. 
By  Dr.  T.  R.  Heywood  Thomson,  F.Eth.Soc. 


Notes  on  the  Australians.    By  Mr.  Townsend. 


On  the  best  Means  (freaMzing  a  Re^  Intercourse  betwem  Europe  cmd  Asia* 

By  Asa  Whitney. 


On  the  Inhabitants  of  Lower  Bengal.    By  Robert  Youno,  E.M.R.C.S.f 
Surgeon  to  his  Highness  the  Newab  Nazim  ofBengaL 

In  this  paper  Mr.  Young  gives  a  few  particulars  of  the  inhabitants  of  Lower 
Bengal,  from  personal  observation,  but  confines  himself  to  replies  to  the  set  of  eth* 
nological  oueriet  which  were  cu-culated  by  the  British  Association. 

PhyncQt  Characteri.-^The  general  stature  of  the  men  is  low ;  the  proportions  of 
the  figure  are  not  ^d,  and  the  weight  is  light,  beins  on  an  average  130 lbs.  Tha 
women  are  larger  in  porportion  and  better  made ;  this  may  be  attributable  to  the 
development  of  the  muscular  system,  in  consequence  of  hard  or  household  work^ 
carrying  water,  &c.,  while  the  men  are  engaged  in  agricultural  pursuits. 

The  head  is  generally  large,  aa  is  the  abdomen;  the  extremities  usually  meagre^ 
and  the  joints  small. 

The  comolezion  it  of  a  colour  hardly  describable,  and  varies  considerably  from 
bronae  to  biaek,  but  never  assuming  the  copper  hue  of  the  South  American  Indian. 
The  hair  is  never  woolly,  but  is  of  a  good  black,  and  generally  curly ;  it  is  sometimes 
fine  and  sometimes  coarse  and  straight,  but  mostly  what  we  should  term  **  a  beautiful 
head  of  haur."  The  colour  of  the  eyes  varies ;  but  with  the  description  of  hair  just 
given,  you  generally  find  eyes  black  and  glossy.  When  the  hair  assumes  a  reddish 
brown  tinty  the  eye  is  often  gray  or  hazel,  and  in  such  cases  the  complexion  is  always 
lighter.  These  variations  I  have  particularly  obsenred;  and  amonff  the  natives  of  the 
coontry,  these  men  of  lighter  complexion  are  generally  considerea  as  of  treacherotts 
character;  but  this  remark  I  make  not  from  my  own  observation.  The  shape  of 
the  eye  is  always  round  rather  than  long,  but  it  varies  as  in  all  other  nations.  I  have 
never  detected  any  peculiarity  of  odour  whatever,  and  should  decidedly  say  there 


Ilia  head  is,  as  I  have  said,  larse,  and  elongated  from  the  fi^mt  to  the  back  i  tha 
ear  is  set  remarkably  far  back  in  the  temporal  region,  and  the  powers  of  perception 
exceedingly  low.  I  am  unable  to  furnish  sketches,  as  suggested  by  your  Committee, 
having  quitted  India  at  very  short  notice,  and  the  men  accompanying  me  not  belonging 
to  the  part  of  the  country  described  as  Lower  Bengal,  to  which  my  observation 
has  been  principally  directed.  Idiocy  is  very  common  among  the  Hindoos.  Aa  a 
people  they  possess  a  wonderful  power  of  maintaining  an  imperturbable  expression 
c€  countenance  under  the  most  adverse  circumstances,  and  of  concealmg  their 
amotiotts,  whether  of  pleasure  or  pain.  This  arises  by  no  means  from  apathy,  but 
from  innate  deceit  in  the  character,  and  is  df^en  made  available  for  personal 
advantage. 

The  bones  of  the  skull  are  thin  and  lights  and  tha  frontal  bone  is  occasionally 
found  with  a  suture  in  the  middle :  this  is  not  common.    But  in  giving  a  reply  to  this 
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question^  I  must  observe  that  the  facilities  for  the  study  of  anatomy  are,  cut  oTG^ 
cutta,  exceedingly  few,  from  the  fact  that  exhumation  14  absolutely  necessary  in  the 
case  of  Mussulmen;  and  the  body  of  a  Hindoo  is  almost  unattainable,  because  that 
of  the  rich  man  is  almost  invariably  subjected  to  cremation,  while  the  Ganges  is  the 
final  home  for  the  bodies  of  the  poor.  They  have  no  practices  for  modifying  their 
form  or  appearance  in  any  way,  and  never  trouble  themselves  with  a  supo^uttj  of 
clothing. 

The  pelvis  in  the  female  is  largely  developed,  and  hence  the  facility  and  com- 
parative absence  of  pain  in  parturiuon.  The  foot,  generally  speaking, is  well-formed; 
and  in  cases  where  nard  labour  has  not  affected  the  frame,  the  foot,  hand  and  arm 
may  be  taken  as  models  for  the  sculptor. 

There  is  in  the  district  of  Lower  Bengal  only  one  race  of  men>  no  intermixtore; 
but  there  is  sometimes  in  the  same  family  a  wonderful  difference  in  the  cooriplexioQ. 
I  have  in  my  own  service  two  brothers,  natives  of  Orissa,  a  district  south  of  C^cotti^ 
one  the  eldest,  the  other  the  youngest  of  the  family.  The  skin  of  the  first  is  re- 
markably dark,  almost  black,  while  that  of  his  younger  brother  is  particularly  fidr, 
and  1  have  remarked  this  in  other  instances.  It  is  worthy  of  observation  that  thb 
occurs  in  a  family  where  no  polygamy  has  ever  occurred.  Among  the  Hindoos  it  is 
not  allowed  for  separate  castes  to  intermarry,  but  this  law  does  not  extend  to  the 
whole  family  of  the  Mahomedans,  of  whom  there  are  five  distinct  sects,  namely  the 
Patau,  the  Mogul,  the  Syud,  the  Shaik,  and  the  Sheah,  intermarriage  being  permitted 
among  some  of  these,  but  not  all. 

The  inhabitants  of  Lower  Bengal  are  anything  but  a  long-lived  people;  and  I  an 
inclined  to  think  this  is  the  case  throughout  Rindostan ;  the  causes  may  be  mofe 
than  I  can  enumerate,  for  they  are  many.  Foremost,  that  of  early  marriage,  modi 
more  physical  weakness  naturally  than  the  men  north  of  Behar,  who  are  strooger 
and  more  athletic.  I  mention  Behar  for  two  reasons  :  first,  it  is  the  extremity  of 
the  Bengal  Presidency ;  and  secondly,  I  have  myself  observed  the  fact  and  been 
struck  by  it.  Poverty  of  food  probably  has  some  weight,  but  the  consumption  of 
opium  and  hemp  in  various  forms  doubtless  tends  to  swell  the  list  of  un&yourable 
influences. 

Language, — Among  the  working  classes,  the  common  Bengalee  language,  whkk 
is  nearly  pure,  is  spoken;  all  their  accounts  are  kept  inJBengalee;  their  native 
newspapers,  of  which  there  are  several  published  in  Calcutta,  are  in  the  same. 
Among  the  middle  classes  we  find  Hindostanee  in  use,  occasionally  interspersed 
with  wor4s  of  Qengalee.  But  at  court,  and  in  the  highest  ranks  of  the  natives, 
Hindostanee  in  its  purity,  and  also  Persian,  are  commonly  found.  The  Bengalee 
does  not  rule  anywhere  beyond  the  three  districts  I  have  mentioned,  Bengal,  Bekmr, 
and  OrtBta,  The  people  of  the  last- mentioned  district,  or  Ooriahs,  have,  in  addition, 
a  language  of  their  own ;  but  little  Bengalee  is  spoken  in  Behar. 

The  literar}'  knowledge  of  the  Mussulman  is  almost  confined  to  his  Koran ;  and, 
to  his  Shastres,  that  of  the  Hindoo.  They  have  their  native  songs,  set  to  very 
simple  airs,  and  appointed  for  different  times  of  the  day  and  night ;  those  for  the 
morning,  the  day,  and  a  part  of  the  night  being  of  a  varied  and  cheerful  description, 
whUe  those  nder  midnight  and  towar<£  the  break  of  day  are  extremely  plaintive  and 
agreeable ;  the  subjects  of  these  latter  may  be  divided  into  two,— the  love  ditties  of 
the  country,  and  the  morning  invocations  to  the  various  deities.  These  latter,  to  the 
ear  of  a  lover  of  music,  are  exceedingly  pleasing,  being  sung  in  a  delicate  falsetto 
▼oice. 

Individual  and  Family  Lj/if.— There  is  a  general  rejoicing  at  the  birth  of  a  son; 
but  from  the  low  esteem  in  which  women  are  held  throughout  the  whole  of  India, 
the  birth  of  a  daughter  as  a  first-born  child  is  considered  as  an  affliction  in  the  family^ 
Should  however  a  daughter  be  the  second  child,  the  distress  of  the  event  is  c<m* 
siderably  mollified. 

I  have  never  known  infanticide  in  the  case  of  a  son,  but  the  above  reasons  induce 
a  degree  of  want  of  afiection  for  female  children,  who,  happily  however,  are  not  so 
extensively  destroyed  as  in  times  past. 

Less  pmns  in  dressing  or  clothing  children  cannot  be  taken  than  by  the  Hindoo: 
there  is  no  artificial  plan  of  modifying  the  form  in  any  way,  either  amongst  Hindoos 
or  Mussulmen. 
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Education  can  nowhere  be  at  a  lower  ebb  than  it  is  at  present  in  Bengal.  The 
children  are  absolutely  uught  nothing !  Predestinarians  in  the  extreme,  they  are 
exceedingly  indifferent  to  life,  and  professionally  speaking,  I  may  say  they  are 
adverse  to  anything  like  a  surgical  operation,  fatt  being  all  in  aU^  to  them.  The 
field  for  discussion  on  these  points  is  wide,  and  I  might  be  digressing  from  the 
objects  of  your  Committee,  were  I  to  expatiate  on  the  present  mode  of  education 
pursued  by  philanthropists  who  have  lately  taken  up  the  subject  in  India.  To  the 
education  of  our  own  sex  there  never  has  been  any  obstacle,  but  against  that  of  the 
female,  have  been  pitted  the  custom  of  the  country,  the  superstition  of  the  parties 
themselves,  and  the  extraordinary  ascendency  maintained  by  their  pundits  or  priests 
over  every  class  o^  society.  I  would  give  the  palm  to  the  Mussulmen  in  point  of 
thirst  for  knowledge  and  freedom  from  moral  tyranny ;  they  rank  far  before  the 
Hindoos;  they  are  freer  from  superstition  and  crafty  priesthood;  and  from  being 
more  of  one  family  among  themselves,  I  believe  their  creed  to  be  of  a  better 
stamp  than  that  of  the  Hindoo,  whose  name  is  Legion  as  to  variety  of  caste. 

Puberty  takes  place  at  a  very  early  oge.  I  have  known  a  mother  as  young  as 
eleven ;  and  I  have  heard  of  such  even  at  an  earlier  age.  Families,  generally  speak- 
ing, are  not  large ;  I  think  three  is  the  outside  average  :  a  twin  birth  is  not  common* 

Children  are  taken  very  little  care  of;  bad  nursing,  bad  nourishment,  and  hence 
their  stunted  and  frequentlv  squalid  appearance. 

As  to  the  age  to  which  children  are  borne,  I  consider  thirty  above  the  mark ;  being 

Slven  in  marriage  as  early  as  four  or  five  years  of  age,  and  being  passed  over  to  the 
usband  at  the  first  attainment  of  puberty.  I  am  not  aware  of  any  ceremonies  being 
connected  with  particular  periods  of  the  life  of  a  child,  excepting  the  circumcision  of 
the  Mahomedan,  and  the  investment  of  the  Brahminical  thread  of  the  Hindoo.  On 
both  these  occasions  there  is  a  religious  ceremony,  simply  invoking  blessings  on  the 
respective  heads  of  the  parties. 

Uhastity  is  scarcely  known ;  among  the  higher  classes  it  is,  from  their  position, 
more  observed,  it  bemg  difficult  for  the  women  of  rank  to  leave  the  zenana;  but 
where  the  sanctity  of  the  harem  is  not  observed,  married  life  is  only  a  name.  I  am 
not  aware  of  any  superstitions  on  this  subject ;  rejoicing  and  feasting  are  the  accom* 
paniments  of  a  marriage,  a  procession  always  taking  place  on  the  occasion ;  the 
priests  being  the  parties  who  simply  let  the  parents  understand  that  the  marriage  has 
taken  place,  and  there  it  ends.  Divorce  is  not  known,  and  for  this  reason  polygamy 
is  frequent ;  and  although  there  is  one  wife  whose  station  is  considered  superior  to 
any  other,  the  ofl&pring  of  others  is  equally  legitimate.  Widows,  from  not  being 
allowed  to  marry  a  second  time,  whatever  age  they  may  be,  almost  invariably  go 
astray,  and  are  consequently  looked  down  upon  as  outcasts. 

The  sick  are  generally  treated  by  their  own  native  medical  men,  three-fourths  of 
the  treatment  consisting  of  faith,  superstition  and  charms,  and  the  remaining  fourth 
in  the  administration  of  some  vegetable  medicine  adapted  to  core  the  disease. 


Swvey  of  the  Southern  Part  of  the  Middle  Island  of  New  Zealand. 
By  Capt.  J.  L.  Stokks,  R.N„  F.R.G,S. 

Having  been  employed  in  1844  by  the  New  Zealand  Company  to  explore  the 
eastern  and  southern  coasts  of  the  middle  island  of  New  Zealand,  in  order  to  select 
a  suitable  site  for  the  then  projected  settlement  of  New  Edinburgh,  I  had  occasion 
to  examine  carefully  the  district  described.  I  can  fally  confirm  the  accuracy  of  these 
observations  in  respect  to  the  vast  extent  of  available  surface  which  exists  south  of 
Tuturau  and  the  Mataura  river  to  the  shore  of  Leveause  Straits,  between  the  Eurete 
or  New  River  and  the  Aparinia  westward,  as  also  to  the  east  of  the  Eurete.  I  can- 
not however  concur  in  recommending  it  as  a  district  eligible  for  a  settlement ;  instead 
of  its  afibrcUng  good  pasture  for  grazing,  or  fertile  soil  for  husbandry,  in  my  judgement 
the  surfiice  is  rather  rude,  and  the  vegetation  chiefly  large  detached  bunches  of  a 
very  coarse  sharp-edged  junk.  Where  the  banks  of  the  Aparima  and  Eurete  are 
wooded,  I  found  chiefly  the  Totara  and  the  Manuka  growing  luxuriantly,  but  in 
deep  sand,  whilst  those  portions  of  the  gently  undulated  uplands,  which  are  wooded, 
afford  almost  exclusively  varieties  of  the  birch,  which  aboands  and  attains  great 
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-diraentfont  even  on  the  poorest  land.  The  earth  presents  n  surface  of  a  wfaitidi  bne 
when  dry,  without  mould  or  humus,  being  a  deep  and  gritty  clay  (as  I  found  by  fr^ 
quently  digging),  which  I  am  convinced  would  not  bear  any  adequate  crop  wnhoat 
being  6nt  well  manured.  Between  the  east  aud  west  branches  of  the  river  Eurete 
the  land  is  low  and  sandy.  Eastward  to  the  coast  is  a  vast  bed  of  fine  qoartt  gntd 
covered  with  heather  and  luxuriant  mosses ;  and  in  some  places  occurs  peat  ot'pret^ 
good  quality  and  considerable  depth.  There  is  good  timber  at  the  western  extremity 
of  the  Bluff  harbour,  and  between  it  and  the  river  Eurete  some  extent  of  buih  Issd, 
in  and  around  which  a  herd  of  cattle  find  sufficient  pasture,  but  feeding  chiefly  os 
the  milk-thistle,  &c.  There  is  a  small  community  ot  Europeans  at  the  Bluf  suit 
the  Aparima,  who  have  intermarried  with  the  natives,  and  who*  pursuing  whsiiog, 
sealing  and  husbandry,  and  in  a  few  instances  stock^keeping,  have  attained  to  voy 
eomfbrtable  circumstances.  Some  were  in  the  practice  of  growing  wheat,  bat  they 
informed  me  that  the  climate  was  unfavourable,  rains  being  frequent  and  copioo^ 
and  the  gales  of  wind  boisterous.  While  mv  vessel  lay  at  anchor  in  the  Eurettii 
the  month  of  May,  we  had  to  encounter,  in  the  surveys  executed  and  on  our  seven! 
exnloratonr  journeys,  very  inclement  weather.  Considering,  then,  the  climate,  the 
sou,  and  the  natural  growth,  I  am  convinced  that  there  is  no  very  eligible  site  fori 
future  settlement  south  of  the  Mataura  river  and  TWa^ois  a  favourite  resideaceof 
the  natives  formerly,  when  they  were  more  numerous,  because  it  afforded  sbehec 
from  the  southern  climate,  good  fishing  and  fertile  land.  From  Tu-tu-rau  north  to 
Otokau,  there  is  an  unbroken  tract  of  fertile  and  well-watered  land,  affiirding  sbao> 
dant  pasture,  and  much  of  it  of  excellent  quality  for  tillage.  It  abounds  withaijj^ 
plies  of  coal,  wood,  timber,  brick-earth  and  stone,  oonvenientljr  dispened  throHP 
the  district  and  very  accessible  by  the  fadlities  of  inland  navif^on,  which  iu  trim 
and  lakes  affi>rd.  Again,  for  fifty  miles  north  of  Otokau  there  b  a  district  preseotny 
almost  equal  capabilities  for  large  productiveness.  Further  north,  aloqg  the  niacty 
jBilei  beach,  extending  about  twenty-«ight  miles  above  Banks  Peninsula,  there  ii  i 
vast  plain,  for  the  roost  part  either  too  arid  and  stony, or  too  wet  and  swampy  tote 
eligible  for  occupation.  There  is  but  a  very  limited  quantity  of  fertile  land  good 
enough  for  tillage  vrithin  a  distance  of  twenty  miles  of  other  of  the  haiboon  of 
Banks  Peninsula.  The  surface  of  plains  in  New  Zealand  usually  presents  •^^ 
sion  of  terraces  in  lines  parallel  with  the  course  of  the  rivers,  rising  in  steps  of  m 
six  to  fourteen  feet  in  elevation;  much  of  the  surfsce  is  desolated  hy  ciosdy-»- 
bedded  bonlder  and  shingle,  and  usually  where  these  occur  in  the  greateit  ^"^'j^ 
and  where  there  is  a  dead  level,  the  surface  is  the  most  stony.  On  the  bill  IsMf  d 
Banks  Peninsula  there  is  good  pasture,  but  it  is  not  so  on  the  plain.  My  retfOjM 
for  rejecting  it  as  ineligible  for  the  site  of  a  settlement,  as  well  as  my  ^^^fj^jj^ 
entire  journey  of  exploration  which  I  made  in  1844,  are  alluded  to,  but  not  addoeed 
in  the  Seventeenth  Report  of  the  Directors  of  the  New  Zealand  Company,  sod  w 
substance  of  the  same  will  be  presented  to  the  public  under  the  head  of  Top<m|Hiy 
of  the  Middle  Islands  of  New  Zealand,  in  the  valuable  work  on  British  Colonw, 
written  by  R.  M.  Martin,  Esq.,  which  is  now  published  in  monthly  parts  hy  mom. 
Tallis  luid  Co.  

Ascent  of  Orizaba  in  Mexico.    By  £.  Thornton. 


STATISTICS. 
On  the  StaOities  of  New  Zealand.    By  H.  8.  Chapican. 


The  Secretary  read  a  communication  by  Mr.  Cocks  **  On  the  MoriaSiy  in  iff^ 
ScctiottiqftheMHrtipoli9in\Bi9.**  «..^_ 
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On  a$  Mortality  in  different  Sections  of  the  Metropode  in  1849. 
By  T.  CoRLE. 


On  thi  Vital  Siati$tice  of  the  Armies  in  the  East  India  Companp*9  Service. 
By  Dr.  Cuthbbrt  Finch. 


Statietiee  <fthe  Attendance  in  Schools  for  Children  of  the  Poorer  Classes, 
By  JosBPH  Flbtchkr. 

Tliis  was  an  elaborate  abstract  of  the  attendance,  ages,  and  instruction  of  the. 
children  in  about  160  schools,  two-thirds  British  and  one- third  Wesleyan,  inspected 
with  reference  to  the  apprenticeship  of  nupil- teachers,  in  the  course  of  the  year  1850. 
Their  experience  is  that  of  the  best  class  of  town  schools  for  the  poorer  classes, 
those  which  are  merely  infant  schools  being  excluded  from  the  abstract,  and  the  at- 
tendance in  the  remainder  derived  chiefly  from  the  /amilies  of  skilled  artizaos  and 
•mall  shopkeepers.  The  number  entered  upon  the  books  within  the  12  months  pre- 
ceding the  date  of  inspection,  was,  in  139  schools,  13,728,  and  the  number  erased  from 
them  10,989 ;  showing  a  decided  tendency  to  increase,  with  the  increasing  power  of 
instruction  supplied  by  the  pupil-teachers,  but  a  lamentable  amount  of  fluctuation ; 
the  new  admissions  amounting  to  84  per  cent.,  and  the  withdrawals  to  64  per  cent, 
of  the  number  in  ordinary  attendance. 

Fluetuations  in  the  Seheol  Populatien.- 

ATeraga  numbers  in  each  class  of  schools  t—    Ban,          Ourli.  Mixed.  All. 

AdmiUed  within  the  last  12  months...     113    ...       85    ...  92    ...  90 

Left  within  the  hut  12  months 96    ...       68    ...  65    ...       79 

In  ordinary  attendance  134    ...     105    ...  108    ...  118 

Present  at  Bxamination 129    ...     101    ...  100    ...  112      . 

Per-centages  on  arerage  of  ordinary  attend- 
ances >— 

Admitted  within  the  last  12  months...    84*3    ...    81-0    ...    85*2    ...    84*0 

Left  within  the  last  12  months 71*6    ...    64*8    ...    60*2    ...    67*0 

Frasentat Bzammation d6*3    ...    96*2    ...    92*6    ...    950 

The  excessive  fluctuation  indicated  by  this  table  aiFects  chiefly  the  lower  half  of 
each  school,  where  the  poorer  quality  of  the  instruction  which  has  heretofore  pre- 
vailed, the  indifference  of  the  parents,  and  the  want  of  better  check  on  the  part  of 
the  teachers,  have  often  perpetuated  a  vary  inferior  kind  of  management. 

Ahitraet  of  the  Ages  qf  the  Children  in  142  Sckoola,  exclusive  qf  Infant  Seheole,  and 

eentaining  80,399  Children, 

Avenge  number  of  an  age—                           Boy«.          oiris.  Mixed.  Totid. 

Not«xoeeding7 49    ...       41  ...  42    ...  46 

7  „           8 24     ...       18  ...  16    ...  fiO 

8  „           9 25    ...       16  ...  17    ...  20 

9  ^          10... 23    ...       16  ...  15    ...  18 

10  „  11 18  ...  12  ...  14  ...  15 

11  „  12 12  ...  10  ...  12  ...  11 

12  „  13 8  ...  8  ...  8  ...  8 

13  „  14  and  upwards   6  ...  8  ...  9  ...  8 

Total   16B  ...  129  ...  133  ...  145 

Per*ceBtage  on  total  nmnber— 

Not  ezeeeding  7 80*1  ...  81*9  ...  82-0  ...  3M 

7  H           8 15*0  ...  13*6  ...  12'4  ...  13*9 

8  „            9 151  ...  12*4  ...  131  ...  13*9 

9  „          10 13-9  ...  12-4  ...  11-9  ...  12-9 

10  H  II 10^  ...  10-0  ...  10*2  ...  10*4 

11  M  12 7-2  M.  8-3  M.  «-7  ...  7-9 

12  ^  13 4*5  ...  60  ,..  6-2  „•  51 

U  N  14.MMM,, tM...K«.  8*3  M.  3*4  «*»  6-3  .,.  4*8 
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Thiu  one-third  of  the  children  in  the  schools  which  are  not  reckoned  as  infimt 
schools,  are  of  the  infantile  ages  not  exceeding  7,  while  only  4*8  per  cent,  are  up- 
wards of  13,  and  only  9*9  per  cent.,  including  these,  upwards  of  12  years  of  age. 
This  latter  therefore  may  be  cousidered  to  be  Uie  age  at  which  the  children  of  aitU 
xans  generally  cease  to  attend  any  day  school,  a  large  proportion  of  those  above 
that  age  being  the  children  of  parents  of  rather  superior  means.  The  relative  exce» 
of  boys  at  the  younger  and  girls  at  the  more  advanced  ages,  is  referable  to  the 
greater  usefulness  of  the  latter  at  home;  and  the  fact  that  a  larger  proportion  of  a 
somewhat  higher  class  are  generally  to  be  found  protracting  their  stay  in  these  even 
than  in  the  boys*  schools.  The  children  of  the  unskilled  labourers  being  seldom  al- 
lowed to  attend  school  to  ages  ranging  so  late  within  two  years  as  those  lelmned 
in  the  preceding  table,  it  is  obvious  that  there  is  no  opportunity  for  the  "  over-educa- 
tion "  of  the  people  by  the  day  schools,  let  them  be  made  ever  so  vigorous  ;  while 
the  following  table  of  the  school  occupations  of  the  20,399  childreo  ander  preaent 
observation— -enjoying  the  best  advantages  of  any  in  their  station  of  life — ^will  foztfaer 
evince  how  fallacious  is  any  such  apprehension. 

AbHraet  of  the  ptr-eentage  proportions  of  the  preceding  20,399  Children  retwnned  m 
receiving  instruction  in  each  qf  the  folUiwing  ni^ects  in  16 1  SchooU. 

Boys. 

Letters  and  Monosyllables 22*1 

Easy  Nsrratives  30-9 

Holy  Scriptare 58-2 

Books  of  general  information 50*5 

fFrom  Copies 41*8 

From  Notation  or  Memory  39*7 

l, Abstracts  or  Composition...  15'6 

Writing  /From  Copies 65*1 

lAbstracts  or  Composition...  10*1 

'I'lameration  or  Notation  ...  21*3 
Addition,  Subtraction  and 

Multiplication  23*7 

Division    19*1 

Compound  Rules  and  Re- 
duction   20*2 

Proportion  or  Practice 11*7 

[Fractions  and  Decimals  ...  8*1 

Grammar 50*5 

Geography    590 


Writing  ^ 
on  Slates. 


on  Copies. 


Arithmetic* 


History 30*0 

Vocal  Mo 


6iri«. 

Mixed. 

An. 

26*2    ... 

25-9 

... 

24-3 

31-8     ... 

26*4 

... 

29-9 

52*8    ... 

473 

... 

53-7 

360    ... 

43*5 

••• 

44-7 

60-5     ... 

34*6 

... 

41-9 

27*6    ... 

30*7 

••• 

53-9 

4*5     ... 

10*3 

... 

11*2 

47*4     ... 

58*5 

•  a. 

58*5 

6*3    ... 

7-9 

... 

8*4 

20*2    ... 

16*5 

•  •• 

19-7 

261     ... 

24*6 

... 

24-6 

14*6    ... 

17*1 

... 

17*3 

15*8     ... 

14*6 

... 

17-5 

3*4     ... 

8*5 

.•• 

8-6 

•1     ... 

5*8 

... 

5-3 

36*1     ... 

36*4 

... 

42-7 

43*5     ... 

51*4 

... 

52-7 

18*9     ... 

19-3 

... 

24*0 

7*2    ... 

7*4 

... 

121 

,, 

50 

... 

9-0 

•*...•    ••. 

11 

.*• 

1-9 

.«•«..    ..« 

3*8 

••• 

3-2 



1*2 

... 

1-4 

lusic  from  Notes 17*9 

Linear  Drawing  16*8 

Geometry 3*7 

Mensuration 4-9 

Algebra 2*4 

Sewing  or  Knitting 76  0 

Thus  in  this  highest  class  of  schools  for  the  children  of  the  poorer  classes,  there 
is  only  about  8i  per  cent,  whose  occupations  in  writing  abstracts  or  compositions^ 
and  in  learning  the  rules  of  proportion  and  practice,  indicate  their  advancement  be« 
yood  the  merest  elements  of  reading,  writing  and  "  counting."  While  only  5*3  per 
cent,  work  in  fractions,  ]  *9  per  cent,  are  acquiring  the  poorest  elements  of  geometry, 
and  1'4  per  cent,  of  algebra.  A  large  proportion  of  these  more  advanced  acholan 
are  of  the  middle  classes,.to  whose  children  even  this  amount  of  instruction  has  here- 
tofore been  almost  entirely  restricted.  The  greater  part  of  that  which  is  designated 
grammar,  geography  and  history,  in  the  accompanying  table,  is  of  a  character  to  in- 
validate the  figures  which  describe  the  proportions  receiving  instruction  in  these 
branches.  ___««. 

M.  GuBasY  exhibited  eighteen  coloured  Maps  illustrating  some  important  oondn- 
•ions  respecting  ihe  Criminal  Statittiei  of  England/or  16  years,  ending  1850. 

He  had  brought  over  from  France  a  similar  series  of  maps  to  illustrate  the  same 
points  in  the  criminal  itatistics  of  France;  but  as  they  had  been  placed  in  the  Great 
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Exhibitioiiy  he  had  been  unable  to  get  them  out  for  the  purpose  of  producing  them 
to  the  Section. 

The  leading  point  which  he  had  established  for  France  was,  that  the  common 
opinion  respecting  the  intimate  connection  between  mere  instruction  and  the  absence 
of  crime  in  particular  districts,  when  compared,  was  mistaken.  The  facts  on  which 
the  calculations  in  the  English  maps  were  founded  were  taken  from  the  tables  drawn 
up  by  Mr.  Redgrave  of  the  Home  Office,  for  all  the  time  that  had  been  collected. 
Each  map  was  constructed  to  show  the  prevalence  in  each  county  of  England  of  a 
particular  crime  or  class  of  crime,  such  as  murder,  manslaughter,  arson,  larceny  by 
servants,  offences  against  the  game  laws,  bigamy.  Sec,  As  to  bigamy,  there  was  a  most 
remarkable  difference  between  England  and  France,  that  crime  appearing  to  be  much 
more  prevalent  in  England.  He  accounted  for  this  circumstance  by  the  difference 
in  the  forms  of  marriage  reauired  by  law,  which  afforded  much  greater  facilities  for 
tracing  personal  identity  in  France  than  in  England. 

The  English  maps  were  constructed  to  the  degrees  of  criminality  as  measured  by 
the  average  number  of  the  accused  for  the  whole  period  of  siiteen  years,  as  compared 
with  the  average  population,  as  ascertained  by  the  three  censuses  of  18)B1, 1831  and 
1841. 

Besides  the  maps,  he  showed  a  series  of  tables  exhibiting,  by  curved  lines  for  each 
county,  the  degrees  of  positive  and  negative  criminality  corresponding  with  the 
coloured  maps. 

As  to  the  French  maps,  there  were  one  or  two  points  which  he  was  anxious  to 
notice.  The  ^e<^raphical  distribution  of  instruction  among  all  the  young  men  of  20 
years  of  age  m  France  was  easily  observed,  in  consequence  of  the  mode  used  fbr 
selecting  the  soldiers  for  the  French  armies.  He  had  analysed  the  returns  made  of 
these  young  men  by  the  prefects  of  France  to  the  Minister  of  War  for  22  years 
ending  1849,  and  the  result  as  to  parallelism  of  distribntion  oi'  mere  instruction  and 
absence  of  crime  which  he  had  stated  17  years  ago  in  his  work  on  the  *  Moral  Sta- 
tistics of  France,'  was  fully  bonie  out. 

Thu  second  analysis  bad  established  another  interesting  result,  that  the  progress 
in  the  amount  of  instruction  in  each  department  of  France,  instead  of  being  in  the 
districts  where  most  wanted,  had  on  the  contrary  been,  with  singular  r^ularity,  in 
the  districts  where  the  greatest  instruction  had  previously  prevailed. 


On  the  Pratpeets  of  the  Beetr  Sugar  Mantdacture  in  the  United  Kingdom. 
By  rrofessor  W.  Nbilson  Hancock,  LLJ), 

Publie  attention  had  been  directed  to  this  manufacture  by  the  efforts  to  establish 
a  public  company  in  London  for  its  introduction  into  Ireland.  The  Professor  had 
learned  that  at  Maldon  the  manufacture  had  been  attempted  by  a  private  company, 
but  this  attempt  led  to  failure  in  a  short  time.  A  manufactory  had  very  recently  been 
established  at  Chelmsford,  and  contracts  had  been  entered  into  with  the  farmers  in 
that  neighbourhood.  The  prospects  of  the  manufacture  depended  on  the  answers 
to  three  questions :— Ist.  What  was  the  price  of  beet-root  likely  to  be  for  a  series 
of  years?  2nd.  What  was  the  price  of  refined  beet-sugar  likelv  to  be  after  1854? 
and  3rd,  Would  it  be  profitable  to  carry  on  the  manufacture  at  these  probable  prices 
of  the  raw  produce  and  manufactured  article  ? 

As  to  the  price  of  beet-root,  its  price  varied  in  France  from  an  average  of  ISf.  lldL 
per  ton  in  the  north-east  of  France,  to  18«.  5^.  per  ton  in  the  north-west  of  France. 
The  average  for  the  whole  of  France  was  Ifif.  1  \d^  per  ton.  In  Ireland  the  price  stated 
to  be  contracted  for  by  the  sugar  beet  company  was  Idt.  M.  per  ton,  and  the  price 
at  Essex  was  from  18«.  to  20#.  per  ton.  Tnus  it  appeared  that  the  present  price  in 
Ireland  was  higher  than  the  average  of  France,  and  the  present  price  in  England 
was  higher  than  the  average  of  the  highest-priced  districts  of  France.  What  the 
future  price  in  Ireland  and  England  was  likely  to  be,  was  a  difficult  question,  and 
had  not  been  as  yet  fully  investigated. 

As  to  the  second  question,  the  price  of  refined  beet-sugar  after  1854,  it  was 
necessary  to  take  the  year  1854,  because  at  present  there  was  a  differential  duty  in 
favour  of  home-«rown  beet-sugar,  which  would  diminish  each  year,  and  cease  after 
July  1864.     Aftei;  that  time  the  short  price  of  refine^  be^t-sugar  would  most 
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probably  not  arceed  97«.  to  t8«.  per  cwt.,  and  the  hmg  price  would  nMHt  prehihl| 
not  exceed  40^.  4d.  to  41«.  4d.  per  cwt.  Indeed  a  fall  below  those  pncf  might  bt 
anticipated  from  three  causes:— ist.  From  the  diminished  cost  of  prodoctioa  of 
refined  cane-sugar,  consequent  on  the  increased  consumption  prodooed  bj  the  M 
in  its  marlcet  price  from  49i*  4A  to  49$,  id,  per  cwt  on  the  ei^iialiaation  of  the 
duties,  llnd.  Prom  the  removal  of  the  absard  restrictione  now  impoecd  oo  obb*. 
sugar  refiners.  And  8rd,  from  the  competition  between  cane««iignr  siid  T 
if  the  latter  were  manufactured  to  any  extent. 

As  to  the  third  question,  Would  it  be  profitable  to  manufiurtiire  firoBi 
at  the  Irish  price  of  15«.  Od.  per  ton,  or  the  Essex  price  of  1  St.  per  ton«  rtfined  wapg 
to  sell  at  9S»,  per  cwt.  ?— the  calculations  on  this  point  which  had  been  moat  raU 
on  were  two  in  number,  that  of  Mr.  William  K.  SuUiran,  Cheosist  to  thm  Masana 
of  Irish  Industry  in  Dublin,  and  that  of  M.  Pmi\  Hamoir,  of  the  firm  of  Sarrci, 
Harooir,  Duquesne  and  Co.,  the  largest  manufacturers  of  beet-sugar  at  ValencMOBe^ 
and  dated  April  1 8,  I860.    These  estimates  were  as  follows  :— 

Mr,  SuUhan's  Bitimatefor  Ireland,  £ 

60,000  tons  of  beet  at  15#.  per  ton 45,(160 

Cost  of  manufacture  at  9#.  per  ton  of  beet  ^,000 

Total  outlay...  72,000 
Producers  per  cent,  of  sugar  at  28ff.  per  cwt.    03,000 

Estimated  profit...j621,000 

Samt  Sitimate  applied  to  Mua»m  £ 

60,000tonsofbeetat  19*.  perton 67,000 

Cost  of  manufacture  at  Of.  per  ton  of  beet 17.000 

Total  outlay...  84,000 
produce,  5  per  oenU  of  sugar  at  98f.  per  cwt,  «.•••• 0^000 

Eetimated  profit,  only...  i9»000 

M,  Pimi  Hamoir^i  Sdkmte/br  J^Wmce.  £ 

60,000,000  kilogrammef  (61 ,607  tons)  of  beet  at  16  francs  (lit.  1  IdL) 

per  1000  kilogrammes  (one  ton  nearly) 38,400 

Cost  of  manufacture  nearly  13».  per  ton  of  beet 89,900 

Total  ootlay...  78,300 
Prodaee,  4i  per  cent  of  sugar  at  SOt.  per  cwt 114^000 

Estimated  profit  in  FWnce.. .£85,700 
Same  BHimate  appUed  to  Ireland,  £ 

60,000.000  kilogrammes  of  beet  at  16f.  6^  per  ton 46,080 

Cost  of  manufa^ure  nearly  13f.  per  ton  of  beet 39,900 

Total  outlay...  85,980 
Produce,  4J  per  cent,  of  sugar  at  ftSe.  per  cwt. 81,844 

Estimated  loss  in  Ireland...  £4,156 
Same  Estimate  appKed  to  Euex,  £ 

60,000,000  kilogrammes  of  beet  at  lOt.  per  ton «  56.468 

Cost  of  manufacture  nearly  13f.  per  ton  of  beet   •..••..  39,900 

ToUl  outlay...  96,368 
Produce,  4|  per  cent,  of  sugar  at  28#.  per  cwt. 81,844 

Eitiroated  loss  in  £ssez...<£14,6M 
From  these  simple  calculations  it  appeared  at  onoe,  that  by  only  intrododnff  faito 
the  estimates  the  Irish  and  English  prices  of  beet^«oot  and  of  Nfioed  hnnttupi. 
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the  renttlt  was  so  Taried  as  to  turn  a  profit  of  £35,000,  at  the  French  prices,  on  a 
capital  of  £78,000,  into  a  loss  of  £4,000  at  the  Irish  prices,  and  a  loss  of  £14,000  at 
the  Essex  prices.  It  followed  therefore  that  the  French  estimate  did  not,  as  had 
been  alleged,  corroborate  Mr.  Sullivan's  estimate ;  on  the  contrary,  it  showed  how 
fiillacious  it  was  to  reason  from  the  success  of  the  manufacture  in  France  to  its 
success  in  the  United  Kingdom,  without  taking  into  account  the  differences  of  the 
prices  of  beet-root  and  of  refined  beet-sugar  in  both  countries  $  the  differences  la 
economic  conditions  between  the  two  countries  being  alone  sufficient  to  make  that 
which  was  profitable  in  France  unprofitable  here. 

The  manufacture  of  beet-sugar  had  been  first  commenced  in  France  when  the 
eontinental  system  of  Napoleon*  and  the  retaliation  of  England  had  almost  ex* 
eluded  cane-sugar  from  France.  From  that  time  to  the  present  beet*sugar  had 
always  had  the  protection  of  an  artificial  price  (the  present  price  being  30»,  per  cwt« 
In  France  as  compared  with  f^.  per  cwt.  in  this  country).  In  every  other  country 
in  the  world  where  beet-sugar  had  been  produced,  it  had  the  protection  of  an  arti* 
fidally  high  price.  The  conclusion  was  manifest,  therefore,  that  from  any  calcu- 
lations yet  submitted  to  the  public,  it  appeared  that  the  manufacture  of  beet-sugar 
eould  not  be  profitably  carried  on  in  the  United  Kingdom. 


On  the  Duties  of  the  Public  in  respect  to  Chtmtabk  Satfingg'Banks, 
By  ProfeBaor  W.  Nbilson  Hancock,  LLJ). 

The  Professor  said  there  were  three  kinds  of  savings-banks — joint  stock,  govern- 
ment and  charitable  savings-banks.  The  characteristics  of  the  latter  were,  that 
the  responsibility  of  management  was  divided  between  the  Government  and  the 
trustees,  and  that  neither  of  these  parties  were  necessarily  liable  for  the  acts  of  their 
clerks.  The  savings-banks  of  the  United  Kingdom  were  of  the  third  class ;  and  the 
question  which  he  proposed  to  discuss  was,  what  was  the  duty  of  the  public  with 
resard  to  such  institutions  ? 

The  charitable  savings-banks  were  of  recent  origin,  having  arisen  since  1800.  The 
first  legislation  with  respect  to  them  took  place  in  1817;  but  the  principal  Act  of 
Parliament  on  the  subject  was  that  passed  in  1829.  In  this  Act,  the  divided  respon- 
sibility between  the  Government  and  the  trustees  was  plain.  The  trustees  haa  the 
appointment  of  clerks  and  the  receipt  of  the  deposits.  The  National  Debt  Commis- 
Bionershad  theentire management  of^the  investing  the  deposits,and  they  could  require 
an  annual  account  from  the  trustees,  and  issue  orders  to  stop  any  bank  disobeying  in- 
structions. As  to  the  liability  of  the  Government  for  the  acts  of  the  clerks,  it  is 
plain  that  as  they  were  appointed  bv  the  trustees,  the  Government  was  not  liable  for 
any  money  paid  to  a  clerk  buc  not  invested  in  the  names  of  the  Commissioners. 

As  to  the  liability  of  the  trustees  for  the  acts  of  the  clerks,  they  were  at  first  liable 
to  the  extent  of  their  whole  property.  In  1829  their  liability  was  limited  to  their 
own  acts  and  to  the  cases  where  they  were  guilty  of  wilful  neglect.  In  1844  they  were 
freed  from  all  liability,  unless  they  declared  in  writing  that  they  were  willing  to  be 
liable,  or  unless  they  actually  received  the  money  themselves.  Several  milures 
having  taken  place  in  Ireland,  in  1848  the  exemption  from  liability  of  Irish  trustees 
was  repealed,  but  they  were  allowed  to  limit  their  liability  to  any  sum  exceeding 
£100.  On  the  renewal  of  this  act  in  1850,  although  failures  bad  taken  place  at 
Rochdale  and  Scarborough,  it  was  not  extended  to  England. 

From  the  objects  for  which  savings-banks  were  established,  it  was  manifest  that 
the  whole  success  of  these  institutions,  as  a  means  of  encouraging  a  habit  of  savins, 
depended  on  their  affording  a  perfectly  safe  place  of  deposit ;  and  their  success  m 
making  the  poor  take  an  interest  in  the  preservation  of  the  public  cvedit,  depended 
on  the  public  credit  being  strictly  observed  towards  themselves;  the  whole  success 
of  savings-banks  therefore  depended  on  the  security  which  the  depositors  had  for 
their  money.  This  could  be  best  tested  by  the  history  of  the  Cuffe  Street  savings- 
bank  in  Dublin. 

The  Cuffe  Street  bank  was  founded  in  1818,  under  influential  patronage.  In 
1826  the  trustees  suspected  the  honesty  of  the  actuary,  and  it  took  them  five  years 
to  find  out  whether  he  should  be  trusted.  In  1831  they  found  out  his  dishonesty 
by  discovering  defiiications  to  the  extent,  as  they  thought,  of  £1000.    They  applied 
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to  the  National  Debt  Commissioners  on  this  emergency,  and  Mr.  Tidd  Pratt ' 
to  Ireland.  He  awarded  £7000  to  be  paid  by  the  trustees,  and  that  £4000,  < 
by  the  depositors,  was  not  a  legal  charge.  He  advised  that  thb  latter  sura  should  be 
paid  out  of  future  profits,  and  that  the  trustees  should  carry  on  the  bank,  as  the 
future  surplus  would  realize  enough  to  pay  all  deficiencies.  Mr.  Pratt  thought  that 
the  defalcations  did  not  exceed  £4000.  The  trustees,  instead  of  waiting  for  fbtoTB 
profits,  paid  the  £4000  at  once  out  of  the  incoming  deposits;  they  also  omitted  to 
post  the  annual  account,  as  required  by  law,  from  1831  to  1848,  and  during  all  that 
time,  their  accounts,  as  furnished  to  the  Commissioners  of  the  National  Debt,  showed 
a  deficiency.  In  1838  the  defalcations  of  the  actuary  were  ascertained  to  have  beeo 
at  least  ££5,000.  The  bank  continued,  though  insolvent  during  all  this  time;,  to 
possess  public  confidence  until  1845.  The  Act  of  1844  having  relieved  the  trustees 
from  liability,  one  of  them  disclosed  the  insolvency  of  the  bank.  A  run  followed,  m 
which  £200,000  was  paid,  leaving  only  £60,000  in  the  hands  of  the  trustees,  and 
which  would  have  compelled  the  bank  to  stop  payment  had  not  the  Chancellor  of 
the  Exchequer  (Mr.  Goulburn)  allowed  the  bank  to  draw  a  laiger  sum  than  the  re- 
gulation ofthe  Bank  of  Ireland  then  permitted.  When  the  run  stopped,  the  depo- 
sitors replaced  their  money,  and  the  bank  continued  in  operation  until  1848,  wfaea 
another  run  took  place,  in  which  they  paid  away  all  but  £90,  leaving  a  loss  of 
£60,000  on  the  depositors. 

The  trustees  were  relieved  from  legal  liability  by  the  Act  of  1844.  They  said  thcgr 
were  not  morally  responsible,  in  consequence  of  Mr.  Eratt's  advice  in  1831,  and  the 
Chancellor  of  the  Exchequer's  allowance  of  the  one  draft  in  1845.  The  GovernmeBt 
said  that  Mey  were  not  responsible,  as  Mr.  Pratt  was  not  an  executive  officer.  After 
a  long  parliamentary  investigation,  by  a  vote  of  the  House  of  Commons  the  depcK 
sitors  received  £30,000,  or  10«.  in  the  pound. 

From  this  case  it  appeared,  first,  that  the  character  of  the  clerk  was  no  security, 
as  the  Cuffe  Street  clerk  had  the  highest  character.  It  appeared,  2ndly,  that  the 
security  given  by  the  clerks  was  no  protection.  3rdly,  that  the  character  of  the 
managers  and  trustees  did  not  secure  the  depositors,  neither  did  their  limited  liability. 
The  same  case  showed  that  no  reliance  could  be  placed  on  the  appointment  of  8i> 
ditors,  or  on  any  system  of  mere  cheques.  As  it  thus  appeared  that  there  was  no 
real  security  for  the  depositors  in  charitable  savings-banks  as  now  constituted,  the 
duties  ofthe  public  in  respect  to  these  institutions  were  manifest :— 1st.  That  diose 
who  advised  the  poor  to  deposit  their  savings  in  these  banks  should  understand  what 
security  they  recommended  the  people  to  trust  to.  2iid.  That  trustees  who  were 
convinced  that  there  was  no  real  security,  should  have  the  banks  they  were  con- 
nected with  wound  up  and  the  depositors  paid  off.  3rd.  That  the  nublic  as  legis- 
lators should  provide  for  the  removal  of  all  impediments  to  banks  ot  deports  b«ng 
established  for  the  poor  by  private  enterprise,  and  for  the  formation  either  of  soyeriH 
ment  banks  with  government  security,  or  of  charitable  banks  with  unlimited  Hability 
of  the  trustees ;  and  put  an  immediate  stop  to  the  half-charitable,  half-goverpment 
institutions  where  there  was  no  real  security. 


Should  Boards  of  Guardians  endeavour  to  make  Pauper  Labour  selfst^^ 
porting,  or  should  they  investigate  the  Causes  of  Pauperism  f  By  Pro- 
fessor W.  Neilson  Hancock,  LL.D, 

The  Professor  commenced  by  showing  that  the  history  of  the  Irish  famine  had  com. 
pletely  established  the  necessity  of  a  public  and  compulsory  system  of  poor  laws,  both 
on  moral  grounds  and  as  a  matter  of  police.  He  next  pointed  out  that  the  controver- 
sies  respecting  poor  laws  had  arisen  from  taking  too  narrow  a  view  ofthe  subject. 

The  subject  of  public  relief  of  pauperism  really  gave  rise  to  questions  in  eveiy 
branch  of  the  social  sciences,  in  moral  philosophy,  the  science  of  government,  juris- 
prudence, and  political  economy.  As  to  the  particular  question  proposed  to  be  dis» 
cussed  in  the  paper,  it  had  been  suggested  by  the  efforts  of  the  Sheffield  and  Chori- 
ton  and.  other  boards  in  England  to  make  pauper  labour  self-supporting;  by  Dr. 
Alison's  paper  *  On  the  Employment  of  Paupers  on  Waste  Lands'  at  the  Edinbur^ 
meeting  of  the  Association,  and  bjr  similar  plans  attempted  by  the  Cork,Thurles  and 
Banbridge  Boards  of  Guardians  m  Ireland.    On  investigating  this  question,  it  ap« 
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peared  plsinly  that  pauper  labour  could  not  be  made  self-supportiDg,  for  four  rea- 
sons:— 1st.  Because  pauper  labour  was  necessarily  inferior  to  tne  labour  at  the  com- 
nand  of  private  capitalists.  2nd.  Because  boards  of  guardians  were  entirely  un* 
suited  to  act  as  capitalists.  The  failure  of  the  cultivation  of  waste  lands  at  King 
William's  Town  in  Ireland  by  dH  Commissioners  of  Woods  and  Forests,  and  the 
failure  of  the  Waste-Land  Improvement  Company,  both  showed  how  unsuited  such 
an  enterprise  was  to  be  undertaken  by  boards  of  guardians.  3rd.  Boards  of  guar- 
dians must  either  lose  all  the  most  skilful  paupers,  or  they  would  have  to  relax  the 
tests  of  destitution  to  retain  them,  and  so  would  lose  more  by  the  increase  of  pau- 
perism than  they  would  gain  by  any  profit  on  pauper  labour.  4th  and  lastly.  Be- 
cause, if  pauper  labour  could  be  self-supporting,  it  would  follow  that  communism 
would  be  more  advantageous  than  competition ;  as  paupers  employed  by  a  board 
of  guardians  were  in  exactly  the  position  of  a  community  on  the  system  of  St.  Simon« 
and  to  become  paupers  they  must  have  failed  to  support  themselves  by  free  com- 
petition. 

It  followed,  therefore,  from  these  considerations,  that  pauper  labour  could  never 
be  made  self-supporting,  and  that  industrial  enterprises  could  never  be  successfully 
carried  on  by  paupers. 

The  opinion  that  pauper  labour  could  be  made  self-supporting  had  to  some  extent 
been  caused  by  the  common  fallacy  on  the  opposite  side  of  supposing  that  paupers 
should  be  kept  in  idleness  or  at  unproductive  work.  This  fallacy  had  arisen  from  the 
mistake  of  believing  that  pauperism  was  caused  by  over-production,  whilst  it  always 
arose  from  under-production,  or  production  misdirected.  But  the  moral  and  econo- 
mical view  of  this  question  coincided.  It  was  the  duty  of  the  guardians  to  keep 
those  under  their  care  actively  employed,  since  nothing  could  be  more  demoralizing 
than  a  life  of  idleness,  and  nothing  more  calculated  to  weaken  the  force  of  the  work- 
house as  a  test  of  destitution,  than  making  it  a  place  for  the  indulgence  of  indolence. 
In  an  economic  point  of  view,  it  appeared  extraordinary  how  any  one  could  believe 
that  the  wealth  of  a  community  would  be  increased  by  keeping  a  number  of  people 
in  idleness. 

As  the  task  of  making  pauper  labour  productive  was  a  hopeless  one,  it  was  the 
duty  of  all  intelligent  members  of  the  community,  and  especially  of  ffuardians  of  the 
poor,  to  consider  the  wide  field  for  exertion  open  to  the  philanthropist  and  the 
statesman  in  the  discovery  and  removal  of  causes  of  pauperism. 

In  a  paper  *  On  the  Causes  of  Distress  at  Skull  and  Skibbereen  during  the  Famine 
in  Ireland,'  which  he  had  read  at  the  Edinburgh  Meeting  of  the  Association,  he  had 
pointed  out  some  of  the  causes  of  pauperism  in  Ireland,  in  other  publications  he  had 
treated  of  the  same  subject ;  but  beyond  the  subjects  he  had  already  noticed,  there 
were  large  fields  of  investigation  connected  with  sanitaryarrangements,  with  Uie 
savings  of  the  poor,  with  intemperance  and  immorality.  The  great  advantage  of  a 
long-Uved  over  a  short-lived  population  in  respect  to  wealth,  especially  the  wealth 
consisting  of  human  labour,  had  not  been  sufficiently  dwelt  on.  The  early  mortality 
of  the  Irish  labouring  population  was  a  great  source  of  pauperism  amongst  them. 
Every  improvement  in  sanitary  arrangements  would  lead  in  tne  most  certain  way  to 
an  increase  of  wealth  and  a  diminution  of  pauperism.    The  want  of  a  perfectly  safe 

{>lace  for  the  investments  of  the  poor  was  another  prolific  source  of  pauperism.  He 
lad  shown  in  another  paper  read  at  this  meeting,  that  the  present  half-government 
and  half-charitable  savings-banks  afforded  no  adequate  security,  and  although  this 
subject  had  been  investigated  for  some  time  no  practical  good  had  been  done. 

Again,  could  nothing  be  done  with  those  large  sources  of  crime,  intemperance  and 
immorality  ?  It  might  be  that  nothing  could  be  done  directly,  but  could  nothing  be 
done  indirectly  ?  Was  any  one  warranted  in  saying,  without  investigation,  that  nothing 
could  be  done  ?  Would  not  the  mere  inquiry  (if  conducted  in  a  proper  spirit)  into 
the  nature  and  extent  of  these  evils  and  into  their  causes,  be  atteuaed  with  beneficial 
results  ? 

If  rightly  considered,  it  would  appear  that  all  social  evils  and  all  defects  in  our  in- 
stitutions were  to  some  extent  causes  of  pauperism.  I'he  effects  of  these  evils  were 
shifted  from  class  to  class,  until  thev  came  upon  those  in  the  lowest  place ;  but  this 
class  had  to  bear  them.  He  then  showed  that  it  was  the  especial  duty  of  boards  of 
guardians,  as  a  department  of  goveroment,  and  as  the  department  most  directly  con« 
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nected  with  pauperism,  to  institute  careful  inquiries  into  the  causes  of  | 

their  respective  districts.    By  an  enlightened  conception  of  their  duty  in  this  i 

and  by  a  conscientious  discharge  of  it,  boards  of  guardians  would  do  infinitely  ; 

for  the  diminution  of  poor-rates,  and  for  the  effectual  removal  of  pauperism,  than  they 

would  ever  effect  by  the  hopeless  task  of  attemfffng  to  make  pauper  laboar  aelA 

supporting. 

The  careful  conducting  of  such  inquiries,  if  undertaken  from  a  sense  of  duty,  and 
if  carried  out  with  the  single*  minded  object  of  arriving  at  truth,  would  have  a  iBOit 
salutary  influence  on  the  entire  administration  of  the  poor  laws.  It  would  en- 
courage a  spirit  of  enlightened  benevolence,  and  put  a  check  to  the  heartless  selfish- 
ness  that  was  too  often  avowed  and  even  carried  out  in  poor-law  adminiatratioD  ^ 
such  selfishness  as  wns  manifest  in  the  endless  disputes  about  the  settlement  of  pan* 
pers  in  England ;  such  selfishness  as  led  to  the  transmission  of  pau|iers  from  Engiaad 
and  Scotland  to  Ireland ;  such  selfishness  as  led  men  to  advocate  any  schesne  of 
emigration,  of  law  of  settlement,  of  arranging  electoral  divisions,  provided  it  ended 
in  what  was  called  '*  getting  rid  of  the  paupers,"  or  provided  it  forced  some  one  else 
by  an  extra  stimulus  on  his  self-interest,  '<  to  get  rid  of  his  paupers."  Notbin|f  wooM 
be  so  well  calculated  to  check  such  selfishness  and  to  secure  the  adoption  of  sound 
arrangements  for  the  future,  as  for  those  immediately  connected  wito  the 
tration  of  the  poor  law  to  undertake  a  comprdiensive  and  enUghteued  inv 
into  the  causes  of  pauperism.  

An  Investigation  into  the  Question — Is  there  really  a  want  o^  Ce^niai  ca 
Irdwidf  By  Professor  W.  Neilson  Hancock,  LLJ). 

The  Professor  commenced  by  explaining  that  the  phrase  *'  want  of  capital,'*  as  vsed 
by  Sir  George  Nichols,  Mr.  Campbell  Foster,  Mr.  Montgomery  Martin,  and  other 
writers  on  Ireland,  really  meant  a  deficiency  in  the  supply  of  capital  in  proportion  to 
the  demand  for  it.  He  noticed  the  erroneous  opinions  that  capital  is  synonymoos  with 
money,  that  capital  is  accumulated  labour,  that  labour  is  capital,  and  that  land  if 
eapital.  The  errors  respecting  the  consideration  of  labour  and  land  as  capital  were 
not  mere  verbal  mistakes,  but  involved  scientific,  intellectual  and  moral  evils.  It 
was  the  duty  of  scientific  writers  to  adhere  to  the  established  nomenclature  of  an^ 
science,  the  conclusions  of  which  were  used  in  discussing  public  questions.  In  poh« 
tical  economy,  one  of  the  chief  results  that  had  been  established  tneyond  contn>vcny, 
was  the  analysis  of  the  price  of  a  commodity  into  wages,  profit  and  rent,  founded  on 
the  distinction  of  the  instruments  of  production  into  three^labour,  the  use  of  capital, 
and  land ;  it  was  therefore  a  serious  error  to  confound  these,  as  no  one  of  them  oould 
supply  the  place  of  another.  A  labourer  could  not  use  land  as  a  spade  or  a  plouffb, 
or  as  food ;  neither  could  he  subsist  until  harvest  on  labour,  unless  some  capitaBsl 
had  food  saved  to  give  in  exchange  for  his  labour.  Any  confusion  as  to  these  Ain- 
damental,  intellectual  conceptions,  placed  a  writer  under  serious  disadvantsfges  for 
understanding  or  discussing  a  question.  The  moral  evils  of  confounding  labour  and 
land  with  capital  were  equally  great.  This  error  had  led  to  the  most  uniust  attadks 
on  the  character  of  the  poorer  classes  in  Ireland.  Thus,  when  the  small  holders  of 
land  found  it  difficult  to  get  employment  from  the  abundance  of  labour,  when  the 
tenure  of  their  farms  was  so  precarious  that  these  tenants  could  raise  no  capital  on 
the  security  of  their  fiirms,  they  had  been  flippantly  told  that  they  did  not  want  capi« 
tal,  since  labour  was  capital  and  land  was  capital,  and  therefore  that  the  bad  colti- 
Tation  did  not  arise  from  any  cause  but  their  own  indolence. 

The  most  conclusive  proof  that  the  poorer  classes  in  Ireland  would  save  if  their 
wages  enabled  them  to  do  so,  was  afforded  by  the  large  remittances  sent  by  Irish 
emigrants  in  America  to  their  relatives  in  Ireland.  This  subiect  had  been  first  no* 
ticed  by  Mr.  Robert  Murray,  chief  Manager  of  the  Provincial  Bank  in  Ireland.  In 
a  letter  to  Sir  Robert  Peel  in  1847,  he  showed  that  these  remittances  had  been  in- 
creasing for  ten  years  prior  to  1847,  and  in  that  year  amounted  to  125,000/.,  in  24,000 
distinct  remittances. 

Having  thus  disposed  of  ambiguities  and  erroneous  theories,  he  then  proposed  to 
ascertain  whether  the  supply  of  capital  was  deficient  in  proportion  to  the  demand 
for  it  by  the  following  tests :— first,  by  observing  the  exports  and  imports  of  capital  | 
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asd  laoondly,  bf  obienring  the  changes  in  the  rate  of  profits.  As  to  the  exports 
and  imports  of  capital  between  Ireland  and  England,  it  appeared  that  the  publio 
lundA  might  be  transferred  from  the  Bank  of  England  to  the  Bank  of  Ireland  and 
baok  without  expense,  and  that  such  transfers  were  very  frequent.  The  portion  of 
the  public  debt  on  which  interest  was  paid  in  the  Bank  of  Ireland  might  be  assumed 
to  belong  to  Irishmen.  Now,  Mr.  Stanley,  the  Secretary  to  the  Irish  Poor  Law 
Commissioners,  in  his  Prize  Essays  on  Ireland,  had  shown  that  from  18^4  till  1831  the 
quantity  of  public  funds  transferred  to  Ireland  was  about  1 4,000,000 A>  and  the  quan« 
nty  in  the  same  time  transferred  from  Ireland  to  England  was  about  6,000,000/. ; 
leading  8,000,000/.  funds  held  by  Irishmen  in  1831  more  than  in  18^4,  and  imply- 
ing an  export  of  capital  of  about  a  million  a  year  for  these  eight  years.  Dr.  Long- 
field,  in  his  address  to  the  Dublin  Statistical  Society  in  1849,  hwl  shown  that  in  eight 
years  ending  in  1848,  about  11,000,000/.  worth  of  public  funds  were  transferred  from 
England  to  Ireland,  and  about  4,000,000/.  from  Ireland  to  England  i  leaving  7,000,000/. 
more  funded  property  held  by  Irishmen  in  1848  than  in  1841,  and  showing  an  export 
of  capital  from  Ireland  to  England  of  7*000,000/.  in  those  eight  years,  including  three 
jrears  of  the  (amine.  In  1849  the  transfer  of  fiinds  from  England  exceeded  that  from 
Ireland  by  about  300,000/.  In  1850,  for  the  first  time  for  many  years,  the  export  of 
capital  from  Ireland  was  stopped.  In  that  year  the  funded  property  transferred  to 
Ireland  was  1,160,000/.,  and  from  Ireland  to  England  1,970,000/.;  giving  a  diminu- 
tion in  Irish  funded  property  of  810,000/.,  and  showing  an  importation  of  capital  Into 
Ireland  of  that  amount.  The  result  of  the  long-continued  export  of  capital  fh)ro 
Ireland  to  purchase  funded  property,  was  shown  by  the  quantity  of  that  property 
held  by  Irisnmen,  which  was  as  follows  :— 

Irish  Courto  of  Equity £3,900,000 

Irish  absentees  paying  income  tax  ••..    3,100,000 
ReddenU  in  Ireland  31,000,000 

Total  £38,000,000 

VHitn  it  thus  appeared  that  Irishmen  had  38,000,000/.  worth  of  funded  property, 
which  could  any  moment  be  converted  into  money,  it  was  preposterous  to  assert  that 
tfae  supply  of  capital  in  Ireland  was  deficient  in  proportion  to  tne  demand  for  it.  Ac- 
cordingly, as  soon  as  the  parliamentary  title  of  the  Encumbered  Estates  Commissioners 
ftflbrd^  an  opportunity  for  the  safe  investment  of  capital  in  Ireland,  such  capital  was 
Invested  to  the  extent  of  1,000,000/.,  up  to  November  1850,  in  the  purchase  of 
estates,  besides  what  was  invested  in  improvements.  It  appeared  too  that  the  pur. 
chasers  were  chiefly  Irishmen ;  for  out  or  587  purchasers,  only  30  were  from  England 
or  Scotland. 

The  second  and  more  complete  test  of  the  supply  of  capital  in  any  country  in  pro- 
portion to  the  demand  for  it  was,  the  changes  in  the  rate  of  profit.  It  appeared  that 
the  price  of  the  funds  had  for  many  years  been  nearly  the  same  in  Ireland  as  in  En- 
gland; and  consequently  that  the  rate  of  profit,  as  distinct  from  insurance  against 
nsk  and  wages  of  superintendence,  was  practically  the  same  in  England  as  in  Ireland. 
Hence  the  supply  or  capital  in  proportion  to  the  demand  for  it  was  t)ie  same  in  En- 
gland as  In  Ireland;  so  that  there  had  not  been  for  many  years  any  want  of  capital 
in  Ireland,  as  it  was  conceded  that  there  was  no  such  want  in  England.  The  con- 
clodon  thus  arrived  at  wns  of  great  Importance,  and  led  to  results  very  suggestive  of 
Aiture  thought  and  investigation : — 

Ist.  It  showed  the  utter  futility  of  all  plans  like  Mr.  Montgomery  Martin's  all- 
tulficient  circulating  medium  for  improving  the  condition  of  Ireland  by  tampering 
with  the  standard  or  value. 

Snd.  It  showed  that,  however  deficient  capital  might  be  amongst  many  of  the  pau- 
per tenantry  and  encumbered  landlords,  the  scanty  application  of  capital  to  the  cul- 
ttvation  of  land  in  Ireland  did  not  arise  from  any  deficiency  of  capital  amongst 
Irishmen. 

3rd.  It  showed  the  absurdity  of  supposing  that  estates  could  not  be  bought,  land 
cultivated,  or  sood  done  in  Ireland  without  the  introduction  of  English  capital  and 
English  capitalists. 

4tb.  It  showed  the  necessity  of  looking  beyond  the  superficial  theories  of  the  past 


Digiti 


zed  by  Google 


108  BBPOBT— 1851. 

to  account  for  this  remarkable  state  of  Ireland, — that  there  were  thoufanda  ^able- 
bodied  labourers  unable  to  get  employment,  thousands  more  on  scanty  wages  of  6^ 
and  8^.  a  day»  millions  of  acres  of  improveable  land  lying  wholly  waste,  milliona  moie 
badly  cultivated,  whilst  more  than  S0,000  capitalists,  all  Irishmen,  found  it  for  their 
interest  to  lend  38,000,000/.,  at  about  3^  per  cent,  to  the  government  of  the  ricbeat 
country  in  the  world.  ___^ 

On  ihe  Influence  ofDiecoveries  in  Science  and  Works  cf  Art  in  deveicpittg 
the  Condition  of  a  Peoplcy  as  indicated  by  the  Census  Operations  of  the 
United  States.    By  J.  C.  G.  Kennedy. 

The  author  stated  that  the  Government  of  the  United  States  had  adopted  tlie  best 
system,  yet  made  available  by  any  people,  for  eliciting  those  facts  necessary  for  the 
understanding  of  their  true  condition.  The  United  States  were  the  first  to  incorporate 
the  principle  with  their  fundamental  law.    Other  nations  had  taken  censuses  pr^ 
vious  to  them,  but  the  object  of  such  was  mainly  to  learn  their  own  availabili^  in 
a  military  point  of  view,  or  to  know  what  amount  of  imposition  might  with  saifa^ 
be  placed  on  estates  so  as  barely  to  preserve  and  not  entirely  destroy  theni ;  but  the 
Government  of  the  United  States  was  actuated  solely  by  the  desire  to  know  the  tme 
condition  of  the  people,  in  order  to  l^slate  with  wisdom,  and  to  know  in  what 
things  to  encourage  continuance,  what  error  to  abate,  what  abuse  to  correct.     He 
showed,  that  in  1790  they  confined  their  inquiries  to  the  number  of  the  people  of 
different  colours  and  condition,  as  free  and  slave;  twenty  years  after  they  included 
statistics  relative  to  agriculture,  manufectures  and  commerce ;  now  at  the  distance 
of  sixty  years,  they  include,  by  a  law  made  permanent^  a  collectionof  nearly  all  those 
fiicts  the  development  of  which  will  illustrate  their  exact  condition,  as  to  numben^ 
white,  black,  and  mulatto,  male  and  female,  free  and  slave,  at  every  age.    The 
present  census,  when  fully  compiled,  will  give  the  number  of  families,  the  number  of 
dwelling-houses,  and  the  occupations,  professions  and  trades  of  all  persons ;  the 
birUiplace  of  each  individual,  the  number  married,  widowed  and  single,  the  number 
attending  school,  the  number  unable  to  read  and  write,  the  blind,  deaf  and  dumb, 
the  insane,  the  idiotic,  the  paupers  and  convicts.    With  reference  to  the  slave  po- 
pulation, they  take  the  a^es,  sex,  colour,  the  number  voluntarily  manumitted,  the 
number  who  have  manumitted  themselves,  with  the  deaf  and  dumb,  blind,  insane^ 
and  idiotic.    They  take  an  enumeration  also  of  those  who  have  died,  tbdr  age,  se:^ 
colour,  condition,  birthplace,  profession  or  occupation,  disease  or  cause  of  death,  and 
the  number  of  days  ill.    In  connexion  with  these  statistics,  they  procure  an  account 
from  each  county  in  the  United  States  of  its  geological  formation,  its  soil,  rocks, 
minerals,  mountains,  marshes,  rivers,  timber;  its  date  of  settlement,  its  date  of 
organization,  the  place  of  nativity  of  its  first  settlers,  its  canals,  plank  turnpikes,  and 
railroads,  telegraph  wires,  banking  institutions,  insurance  offices,  their  capital  and 
dividends. 

They  enumerate  the  acres  of  improved  and  unimproved  land  belonging  to  each 
ftrmer,  its  value,  the  value  of  his  farming  implements  and  machinery,  the  numbers 
of  each  variety  of  live  stock,  its  value  and  the  product  of  his  farm,  specifying  the 
quantity  of  each  variety.  They  enumerate  the  various  manufactures  and  trades^ 
with  the  amount  of  capital  invested  in  the  business,  the  quantity  and  kind  of  raw 
material  used,  the  value  of  each,  the  kind  of  power  used,  the  number  of  male  and 
female  hands  emploved,  the  wages  paid,  and  the  various  productions  in  quantity^ 
kind,  and  value.  They  take  the  aggr^ate  value  of  all  personal  and  real  estate  of 
each  county,  the  kind  and  amount  of  taxes,  the  number  of  colleges,  academies  and 
schools,  the  teachers  and  taught,  with  the  revenues.  They  take  an  account  of  the 
libraries,  newspapers,  and  churches,  with  their  number,  character,  circulation,  and 
value  respectively. 

These  elementary  facts,  it  was  contended,  formed  the  only  true  basis  of  knowledge 
with  respect  to  a  people,  and  that  while  they  illustrated  the  exact  condition  of  that 

nle  in  wealth,  numbers,  natural  increase,  health,  longevity,  and  general  comfort 
fferent  locations  at  the  same  moment,  they  were  so  taken  as  to  admit  of  com- 
binations of  interesting  tabular  arrangements  rich  and  varied,  for  the  use  of  the  mo- 
ralist, philosopher  and  statist  of  all  countries. 
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Many  of  the  developments  of  the  census  already  made  known  were  glanced  at« 
Ist.  The  influence  of  tne  foreign  population  in  their  midst,  which  he  contended  was 
of  so  pernicious  a  character,  '*  that  common  humanity  required  of  foreign  nations 
more  attention  to  the  education  of  their  indigent  population,  if  the  subject  was 
viewed  only  as  affecting  the  destinies  of  their  people  when  scattered  over  the  new 
world,  setting  aside  entirely  its  value  to  the  peace,  welfare,  and  happiness  of  those 
at  home."  Mr.  Kennedy  affirmed  that  ignorance  multiplied  crime,  and  adduced 
facts  to  prove,  that  to  the  ignorance  and  degradation  of  the  foreign  population  in 
America  could  they  point  as  productive  of  the  most  terrible  evils  to  themselves, 
and  as  the  cause  of  nearly  all  the  pauperism  and  crime  which  could  be  shown  to 
exist  in  the  northern  states. 

He  took  a  view  of  the  proportion  between  sexes  and  colours,  and  the  relative 
increase  of  each,  showing  from  the  facts  developed  that  the  coloured  population 
would  become  rapidly  extinct  if  immediate  emancipation  of  slavery  was  to  occur. 

He  alluded  to  the  advances  made  in  the  seeking  out  and  providing  for^the  deaf 
and  duml),  blind,  insane  and  idiotic,  paupers  and  criminals,  and  gave  a  gratifying 
account  of  their  progress.  He  dwelt  at  some  length  on  the  reciprocal  advantages 
arising  from  their  protection  of  their  manufactures,  to  their  morals  and  agriculture, 
estimating  the  capital  invested  in  the  former  at  400,000,000  dollars,  but  that  their 
agricultural  resources  would  justify  a  double  amount  of  investment  in  manufactures, 
to  which  they  looked  as  the  natural  supporter  of  agriculture  in  all  time  to  come; 
that  while  England  could  purchase  cheaper  from  the  continent,  they  need  not  rely 
on  her  as  a  great  consumer ;  and  that  as  things  now  were,  the  gold  they  dug  in  Ca- 
lifornia was  ''silently  but  surely  passing  through  their  own  mints  into  those  of 
Europe  for  recoinage,  and  thence  into  the  coffers  of  European  capitalists." 

He  next  alluded  to  their  principle  of  taxation,  that  on  real  estate,  as  the  proper 
one,  and  the  onlv  rational  one,  to  induce  persons  to  bring  into  cultivation  the 
immense  bodies  of  wild  land  being  accumulated  by  capitalists.  In  giving  an  account 
of  this  important  branch  of  their  investigations,  he  dwelt  on  the  extent  and  character 
of  education  bestowed  upon  the  youth  of  America,  and  exhibited  its  influence  on 
their  morals  and  the  good  of  the 'state,  traced  the  origin  of  provision  for  education 
in  the  several  states,  and  their  movements  in  its  behalf  up  to  the  present  time,  when 
there  were  in  the  schools  of  America  two  and  a  half  millions  of  scholars  and  a  school 
fund  of  30,000,000  dollars.  

On  the  best  Means  of  ascertaining  the  Number  and  Condition  of  the  Infantile 
Idiots  in  the  United  Kingdom.    By  £dw.  J.  Tilt,  M.D, 

At  the  last  Meeting  of  the  British  Association  at  Edinburgh,  it  was  suggested  in  a 
paper  read  by  Dr.  Coldstream,  "  that  it  was  advisable  to  obtain  statistical  information 
as  to  the  number  of  idiots  in  Great  Britain.**  The  knowledge  to  be  thus  obtained  is 
still  most  desirable,  and  requisite  to  the  due  canying  forward  of  the  work  of  forming 
institutions  for  their  relief.  Since  the  last  Meeting  we  have  renewed  proofs  that  the 
Swiss  cretin  is  in  many  cases  capable,  not  only  of  relief,  but  of  cure.  The  late  visit 
of  Dr.  Guggenbiihl,  the  founder  of  the  institution  on  the  Ohendberg,  has  caused  fresh 
observations  made  on  this  subject  to  be  made  known  and  confirmed.  He  was  unable 
to  remain  in  England  to  attend  this  Meeting,  but  he  is  very  anxious  that  all  possible 
research  should  be  continued,  concerning  the  numbers  of  those  afflicted  with  the 
malady  in  this  country,  and  the  degree  of  idiotcy  to  which  they  are  reduced.  He 
made  several  journeys  through  different  counties  of  England,  the  result  of  which  has 
been  partly  made  known  in  a  **  Letter  addressed  to  Lord  Ashley  on  some  points  of 
Public  Concern  and  Christian  Legislation."  Although  the  disease  exists  under  dif- 
ferent forms  in  different  countries,  yet  in  all  its  states  it  must  always  be  considered 
as  the  greatest  calamity  which  can  afflict  a  family  or  an  individual ;  and  each  country 
is  deeply  concerned  in  ascertaining  how  far  it  may  be  relieved  or  cured,  as  well  as  in 
what  manner  it  may  be  averted  or  prevented  by  timely  care.  That  it  is  a  question 
peculiarly  affecting  the  present  attention  to  sanitary  measures  both  in  towns  and  vil- 
lages is  undoubtedly  evident.  It  may  be  denied  by  some  that  any  true  cretins  exist 
in  England,  although  Dr.  Guggenbiihl  relates  that  '*  of  500  idiots  lately  discovered 
in  LfngoBhirei  a  considerable  number  are  marked  with  the  character  of  cretinism ;  in 
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^e  village  of  Settle  I  detected  some  casee  neerly  identical  with  many  of  the  < 
of  the  Alps.  In  the  village  of  Chiselborough  in  Somersetshire,  most  of  its  350  in- 
habitants are  afflicted  with  goitre,  are  very  subject  to  deafness,  imperfect  uttemiic** 
and  low  degree  of  intelligence,  which  in  as  many  as  24  individuals  deic«nda  to 
absolute  cretinism."  Idiotcy  is  generally  allowed  to  be  incurable,  whilst  creCiiiiMB 
has  been  often  cured,  yet  in  all  cases  idiots  are  capable  of  some  kind  of  ameiiormtioii« 
This  has  been  proved  by  Dr.  Howe  of  Boston,  United  States,  and  the  three  insti- 
tutions founded  within  the  last  few  years  in  this 'country.  At  Park  House,  Higiigate^ 
and  at  the  branch  institution  at  Essex  Hsil,  Colchester,  great  relief  has  been  affnnded 
and  beneficial  change  effected  in  the  state  of  the  poor  idiot  children  in  regard  to 
health,  behaviour,  happmess,  comfort,  and  even  intelligence,  for  in  many  ceaee  tiiey 
have  been  enabled  to  occupy  themselves  in  various  useful  ways.  The  WQrk  of  re- 
storing the  cretins  has  been  carried  on  in  Switzerland  by  one  devoted  individual 
during  the  last  ten  years.  Similar  establishments  are  now  rising  up  in  several  parts 
of  the  continent.  Three  houses  have  been  opened  in  this  count^  for  the  poor  idioc, 
but  the  tiumber  of  applicants  far  exceeds  the  vacancies ;  to  ascertain  the  numben, 
and  to  provide  institutions,  is  now  a  work  to  be  carried  on,  every  effort  hitherto  made 
having  proved  successful  as  far  as  the  nature  of  the  case  admitted  of  relief  or  cure. 

In  U)e  discussion  on  this  paper,  Mr.  Kennedy  (Director  of  Statistics  at  Washington) 
pointed  out  that  in  the  last  United  States  Census,  the  name  and  residence  of  every  idiot 
in  the  States  was  recorded,  so  as  not  only  to  show  the  number  of  idiots,  but  alao  to 

S've  to  charitable  institutions  the  means  of  relieving  them.    Mr.  J.  Hancock  and 
T.  Gowing  also  took  part  in  the  discussion. 


A  Mathematical  Exposition  qfsome  Doctrines  of  Political  Economjf, 
By  the  Rev.  W.  Whkwbll,  MA^  DJ)^  FJLS. 


MECHANICAL  SCIENCE. 


On  the  Duplex  Rudder  and  Screw  Propeller.    By  Capt.  Carpbntsr. 

The  models  represent  views  of  a  screw  steamer  constructed  on  what,  after  mnch 
consideration,  I  have  determined  to  call  the  duplex  principle,  namely,  wiUi  two  md- 
ders  and  two  propellers  for  improved  steering  and  propelling.  To  construct  a  vessel 
on  this  plan,  the  dead  wood,  stern-post  and  rudder  are  removed  from  their  former 
position,  and  the  midship  keel,  which  before  was  placed  in  a  straight  and  horixontal 
line  from  stem  to  stem,  iiT  now  made  to  rise  up  on  a  graduated  scale  from  the  mid* 
ship  section  to  the  water-line  of  the  midship  part  of  the  stem,  where  it  terminates. 
The  additional  keels  lie  in  a  parallel  line  with  the  midship  keel,  but  placed  at  a  di. 
stance  of  two  or  more  feet,  according  to  the  sixe  of  the  vessel,  on  either  side  of  it; 
terminating  near  to  the  midship  section  in  the  fore- part,  and  in  a  line  with  the  former 
stem-post  in  the  after- part.  A  stern-post  is  placed  at  the  end  of  the  additional  keels, 
and  upon  each  of  them  hangs  a  rudder.  Framework  is  carried  down  to  these  keels 
in  proper  architectural  lines  for  speed,  at  the  same  time  connecting  the  frame  together* 
so  that  the  strength  of  the  vessel  is  increased  in  the  after  section,  where  it  is  most 
required  in  a  screw  steamer.  Between  this  framework,  a  channel  is  formed  for  the 
water  to  pass  away  freely  in  a  direct  line  with  the  midship  keel.  A  screw  propeller 
works  in  an  orifice  in  each  fhunework  on  the  common  arrangement.  One  of  the 
propellers  is  a  little  more  aft  than  the  other  to  allow  fuUplay  to  both,  and  yet  eco- 
nomize space  in  the  mid- channel.  The  propellers  turn  each  of  them  towards  die 
centre  line  of  the  vessel  for  propelling  and  the  reverse  way  for  backinig.  A  steering- 
wheel  is  placed  on  the  deck  in  the  usual  way,  and  connected  with  the  tillers,  whidi 
move  the  rodders  together  in  parallel  planes,  or  separately,  as  may  be  reqairsd.  The 
propellers  can  be  lifted  out  of  the  water,  for  sailing,  by  means  of  a  simple  appaia« 
tns,  which  is  placed  on  the  deck  for  that  purpose^  or  tney  may  be  feathand  if  pte* 
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ferred.  This  arrangement  ia  found  by  experiments  to  have  the  best  effect  for  steering 
and  propelling,  although  this  new  form  of  vessel  admits  of  many  variations  of  adapt- 
ing Uie  ordinary  propeller  or  other  propellers  to  it ;  for  example,  the  common  pad- 
dle-wheel may  be  placed  on  the  sides  of  the  vessel  in  the  usual  way,  or  the  common 
screw  propeller  may  be  placed  between  the  framework,  or  sailing  vessels  may  be 
constructed  on  this  principle.  The  advantages  of  the  duplex  rudder  and  screw  pro- 
peller may  be  considered  under  three  heads :  first,  as  regards  the  two  rudders ;  se- 
cond, the  two  propellers ;  and  third,  the  construction  of  the  vessel.  To  explain  the 
advantages  fully  of  having  two  rudders  to  a  vessel  instead  of  one,  it  will  be  necessary 
to»refer  to  what  has  actually  taken  place  practically  on  a  model,  as  I  have  not 
l)een  able  to  make  any  experiments  on  a  larger  scale  up  to  this  time.  The  duplex 
rudder  has  the  power  of  turning  the  vessel  about  in  the  extremely  short  space  of  less 
than  once  and  a  half  of  her  own  length,  with  the  helm  put  hard  over  on  starting, 
and  going  full  speed  all  the  time  till  the  circle  has  been  completed.  A  single  rudder 
of  the  same  size  placed  in  a  line  with  the  midship  keel  on  the  same  model,  and  pro- 
pelled in  the  usual  way  with  a  screw  propeller  in  the  dead  wood,  will  not  turn  a 
vessel  about  in  less  than  four  and  a  half  times  her  own  length  under  similar  circum- 
stances. This  fact  shows  the  infinitely  superior  power  and  command  there  is  over 
a  vessel  at  all  times  with  the  duplex  rudder  in  comparison  with  Uiat  in  general  use^ 
and  consequently  that  accidents  by  collision  would  be  in  a  great  measure  prevented, 
and  the  general  safety  of  steam- vessels  better  secured  by  its  adoption.  Moreover, 
as  either  of  the  rudders  on  the  duplex  principle  can  be  used  to  steer  with  singly,  it 
is  evident  that,  in  the  event  of  damaging  either  ope  or  the  other,  the  vessel  would 
be  still  under  command,  and  therefore  safe  from  immediate  danger,  when  a  vessel 
fitted  with  a  single  rudder  would  be  in  a  perilous  position. 


A  proposed  RailuHiy  Communication  fpom  the  Atlantic  to  the  Pacific  in  the 
Territariee  {^British  North  America*    By  Alexander  Doull,  CJE* 

The  author  prefaced  his  notice  of  the  railway  by  a  general  view  of  the  great  public 
questions  which  its  construction  involved,  and  remarked  on  the  nature  of  Mr.  Whit- 
ney's project  for  the  construction  of  a  railwav  from  Lake  Michigan  to  the  Pacific, 
tiirough  tibe  territory  of  the  United  States,  which  has  deservedly  attracted  considerable 
attention  in  England. 

The  recent  introduction  of  railways,  and  the  application  of  steam  power  to  navi- 
gation, has  very  much  altered,  and  will  no  doubt  still  further  alter,  the  systems  of 
travelling,  and  consequently  the  great  leading  feature  of  the  day  is  the  perfecting  of 
expeditious  and  cheap  modes  of  travelling ;  and  as  there  ever  will  exist  a  physical 
impossibility  of  travelling  as  expeditiously,  as  comfortably,  and  as  safely  on  the  waters 
of  the  ocean  as  on  land,  every  effort  will  no  doubt  be  made  to  shorten  the  distance 
by  sea,  and  to  accommodate  the  land  communication  to  the  new  arrangement. 

Halifax  in  Nova  Scotia  will  therefore  possess  considerable  advantages  over  New 
York,  in  the  United  States,  as  the  Atlantic  terminus  of  a  railway  communication 
across  the  continent  of  America,  inasmuch  as  a  line  drawn  from  Cape  Clear  in  Ire- 
land to  New  York,  would  pass  very  close  to  Halifax ;  and  thus  the  whole  of  the 
coasting  distance  of  the  sea  passage  from  Halifax  to  New  York  would  be  saved. 

From  Halifax  to  Quebec  the  line  would  follow  the  course  selected  by  Major  Ro-' 
binson  of  the  Royal  Engineers,  and  from  Quebec  it  would  be  directed,  as  nearly  as 
eircnmstances  would  permit,  to  the  northern  extremity  of  Lake  Superior,  crossing 
the  Ottawa  at  the  most  convenient  point  below  Lake  Temiscaming. 

From  Lake  Superior  the  line  would  pass  to  the  north  of  the  Lake  of  the  Woods, 
which  portion  of  Its  route  would  pass  through  a  rich  mineral  and  agricultural  di- 
strict. Continuing  through  a  very  favourable  country  to  the  important  Red  River 
settlement,  and  along  the  extended  prairies  south  of  the  river  Assiniboine,  which  por- 
tion of  the  line  for  a  considerable  distance  would  pass  nearly  along  the  water-shed  of 
the  country,  there  would  be  no  bridges  of  any  importance  to  construct ;  continuing 
firom  Brandon  House  to  Red-deer  River,  still  keeping  near  the  water-shed  of  the 
country,  and  passing  through  a  district  where  coal  Is  round  to  crop  out  in  the  banks 
of  the  rivers,  and  consequently  easily  worked. 

The  passage  of  the  Rocky  Mountain  is  doubtless  a  point  of  considerable  import- 
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ance,  and  one  upon  which  it  must  be  admitted  there  are  no  data  for  the  fomuiAm  of 
any  definite  plan.  All  authorities,  however,  concur  in  viewing  this  barrier  as  muA 
less  formidable  on  the  British  than  on  the  United  States  territory. 

Mr.  Isbtster  is  said  to  have  found  the  rivers  Athabasca  and  Saskachawau  flowing 
through  alluvial  formation,  and  that  in  their  vicinity  the  Rocky  Mountain  chain  had 
lost  its  identity,  and  was  reduced  to  inconsiderable  elevations  of  from  600  to  700  feet. 

Having  crossed  the  Rocky  Mountains,  either  by  ascending  to  the  summit  opon  the 
lateral  spurs,  or  passing  through  by  a  tunnel,  as  circumstances  might  determine,  the 
line  would  take  the  direction  of  Frazer's  River  to  the  Pacific  Ocean. 

The  numerous  and  spacious  harbours  in  the  vicinity  of  Vancouver's  Island,  together 
with  a  rare  combination  of  maritime  advantages  and  an  abundant  supply  of  coal, 
point  to  this  spot  as  the  site  of  the  future  capital  of  the  West. 

At  first  sight  the  selection  of  this  line  may  appear  a  very  formidable  undertaking, 
and  doubtless  it  will  require  both  energy  and  skill,  llie  operation  being  rather  an 
extensive  one,  the  most  judicious  plan  would  be  to  cut  up  the  distance  into  sectiona 
by  ascertaining  and  fixing  the  points  at  which  the  principal  obstacles,  snch  as  riven 
and  mountain  ranges,  would  be  crossed  most  easily.  These  sections  wonid  then  be 
treated  as  integral  lines,  although  forming  portions  of  the  whole,  and  thus  the  ope- 
ration would  become  much  more  manageable. 

Nearly  the  whole  range  of  country  through  which  the  proposed  line  would  pan 
is  admirably  adapted  for  the  purpose  of  affording  numerous  points  at  which  to  form 
small  settlements  and  to  commence  the  work  at  several  places  at  the  same  time,  in 
consequence  of  the  existing  facilities  for  water  communication,  and  the  many  small 
settlements  already  in  existence. 

To  construct  an  extensive  railway,  beginning  at  one  end  and  working  continuonsly 
to  the  other,  would  entail  much  additional  expense  and  render  the  progress  very  slow. 

Hie  abundant  supply  of  building  materials  which  are  found  along  the  whole  coarse 
of  this  line,  the  rich  agricultural  and  mineral  districts,  affording  employment  to  the 
various  classes  of  emigrants,  and  also  being  the  shortest  possible  route  from  Europe 
to  China  across  the  great  American  continent,  seem  to  point  to  this  district  as  the 
natural  position  of  a  land  communication  between  the  Atlantic  and  Pacific  Oceans. 

In  reference  to  the  various  and  almost  boundless  resources  of  the  territory  under 
consideration,  better  authority  cannot  be  desired  than  that  furnished  by  the  cele- 
brated report  of  the  Earl  of  Durham  upon  the  affairs  of  British  North  America. 

But  however  great  the  resources  of  any  country  may  be,  without  the  means  of  in- 
ternal communication  these  resources  must  remain  undeveloped.  So  intimately 
does  the  prosperity  of  any  country  depend  upon  the  introduction  of  roads,  that  this 
one  class  of  improvements  has  always  been  held  as  an  unerring  criterion  of  the  de- 
gree of  civilization  and  prosperity  to  which  it  has  attained. 

With  respect  to  the  ways  and  means  by  which  this  gigantic  project  is  to  be  canied 
out,  it  has  been  stated  that  the  construction  of  the  first  portion,  amounting  to  about 
700  miles,  has  been  guaranteed  by  the  Imperial  Government ;  and  in  reference  to 
the  remaining  portion,  the  varied  circumstances  of  the  territory  passed  through- 
dense  primaeval  forests  of  the  best  timber,  rich  mineral  districts,  already  partially 
occupied,  and  extensive  tracts  of  agricultural  and  grazing  land,  alternating  along  the 
proposed  route,-— clearly  indicate  the  varied  resources  by  which  the  road  most  be 
constructed. 

Those  portions  passing  through  the  primaeval  forests  of  timber  of  superior  quality, 
must  be  paid  for  by  the  timber  upon  the  ground,  and  also  the  land  when  cleared, 
and  that  not  bv  cutting  down  the  timber  in  the  first  instance,  but  by  merely  cutting 
a  passage  for  the  railway,  and  opening  out  an  extensive  traffic  in  timber,  superseding 
altogether  the  present  laborious,  unmechanical,  barbarous  system  of  "  lumbering," 
which  destroys  a  great  proportion  of  the  timber,  and  damages  to  a  considerable  ex- 
tent the  remaining  quantity. 

The  mineral  and  agricultural  districts  must  in  the  same  manner  be  made  to  pay 
for  the  construction  of  the  line  passing  through  them. 

The  breadth  of  land  necessary  for  this  purpose  can  only  be  ascertained  by  a  care* 
ful  examination  of  the  several  localities,  comparing  the  difficulties  of  construction 
with  the  remunerative  character  and  capabilities  of  the  particular  districts. 
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On  the  ComirucHcn  cflron  Vessels  exposed  to  severe  strain. 
By  William  Fairbairn,  Ci?.,  FJt.S. 

In  the  conatruction  of  vessels^  such  as  boilers,  pipes,  &c.,  exposed  to  severe  inter- 
nal pressure,  it  is  desirable  to  obtain  some  knowledge  of  the  strength  and  condition 
of  the  material  used,  and  some  fixed  rules  calculated  to  enable  us  to  judge  with  ac- 
curacy as  to  the  disposition  of  the  parts  in  order  to  apply  the  greatest  strength  in  the 
direction  of  the  greatest  strain,  and,  in  fiict,  so  to  dispose  of  the  material  in  order 
that  every  part  of  the  vessel  shall  balance  itself  in  its  power  of  resistance  when  sub- 
jected to  uniform  pressure. 

To  attain  these  objects,  the  author  gave  the  results  of  his  experiments  on  the  re- 
sistance of  malleable  iron  plates  first  announced  to  the  British  Association,  and  sub- 
sequentlj  published  in  the  Transactions  of  the  Royal  Society.  These  experiments 
were  originally  undertaken  to  determine  the  strength  of  metal  plates,  beams,  and 
angle-iron,  as  applied  to  ship-buiiding ;  and  they  have  since  been  continued,  from 
time  to  time,  for  the  equally  important  purpose  of  improving  the  construction  of 
malleable  iron  bridges,  boilers,  and  other  vessels,  such  as  caissons  and  sheet- iron 
pipes,  which  are  now  coming  into  more  general  use  for  pump  trees  and  otiier  arti* 
cles  connected  with  mining. 

In  order  to  acquire  satisfactory  data  on  the  streugth  of  the  material  employed,  a 
variety  of  plated  from  Low  Moor,  Stafibrdshire,  and  other  parts,  were  submitted  to 
direct  experiment ;  first,  by  tearing  them  asunder  in  the  direction  of  the  fibre ;  and 
secondly,  across  it.  The  tensile  strength  per  square  inch  was  ascertained  to  be  as 
follows  :-* 

In  the  direction  of  the  fibre.    Across  the  fibre. 
Yorkshire  plates  ..         =        24*26  26*93 

Derbyshire  plates  =:        21*68  18*66 

Shropshire  plates  =        22*82  20*00 

Staffordshire  plates        =        19*56  21*01 

Mean  in  tons  22*16  Tons  22*29 

From  this  it  will  be  observed  that  there  is  no  difference  in  the  strength  of  iron 
plates,  whether  torn  in  the  direction  of  the  fibre  or  against  it ;  and  this  uniformity  of 
strength  probably  arises  from  the  superior  manner  in  which  that  article  is  now 
manufactured. 

The  experiments  would  however  be  imperfect  as  regards  construction,  if  they  had 
not  been  extended  to  the  process  of  riveting ;  and  on  this  point  our  information  has 
been  of  the  most  meagre  description.  Until  of  late  years  many  of  our  numerous 
constructions  have  been  conducted  under  the  impression  that  the  riveted  joint  was 
not  only  strong,  but  absolutely  stronger  than  the  plate  itself;  whereas  more  than 
one-third  of  the  strength  is  lost  by  that  process. 

To  prove  the  fallacy  of  these  views,  it  was  ascertained  by  experiment  that  the 
strength  of  iron  plates,  as  compared  with  their  riveted  joints,  was  not  only  weak* 
ened  to  the  extent  of  tiie  quantity  of  metal  punched  out  to  receive  the  rivets,  but 
that  in  ti^e  following  ratios,  viz.  as  1000  :  700  in  the  double-riveted  joint,  and 
100  :  560  in  the  single-riveted  joint. 

From  the  above  facts  practical  formulie  have  been  deduced  to  show,  that  the 
maximum  resistance  of  single-riveted  plates  does  not  exceed  27tOOO  lbs.  to  the  square 
inch ;  but  taking  into  account  the  crossing  of  the  joints  and  other  circumstances 
peculiar  to  sound  construction,  34,000  lbs.  or  15  tons  per  square  inch  has  been  found 
to  be  the  maximum  strength  of  riveted  plates,  such  as  those  used  for  boilers  and 
similar  constructions. 

In  conclusion,  attention  was  directed  to  several  important  improvements  in  con- 
nection with  the  construction  of  steam-boilers,  by  the  introduction  of  gussets,  to 
strengthen  the  flat  ends  and  retain  them  in  shape.  After  noticing  that  all  boilers 
should  be  of  the  cylindrical  form,  Mr.  Fairbaim  observed  that  when  fiat  ends  are 
used  they  should  be  composed  of  plates  one-half  thicker  than  those  which  form  the 
circumference.  The  flues,  if  two  m  number,  to  be  of  the  same  thickness  as  the  ex- 
terior shell,  and  the  flat  ends  to  be  carefully  stayed  with  gussets  of  triangular  plates 
and  angle-iron^  connecting  them  with  the  circumference  and  the  ends. 

1861.  ^  n        \ 
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llie  use  of  gussets  is  earnestly  Fecommended  as  being  infinitely  euperior  to  and 
more  certain  in  their  action  than  stay-rods.  They  should  be  placed  in  lines  diver- 
ging from  the  centre  of  the  boiler,  and  made  as  long  as  the  position  of  the  flnei  and 
other  circumstances  in  the  construction  will  admit.  Tliey  are  of  great  valne  m  re- 
taining the  ends  in  shape,  and  may  safely  be  relied  on  as  imparting  an  equality  ef 
Btren^  to  every  part  of  the  structure. 


On  Raihoay  Chairs  and  Compressed  Wood  Fastenings. 
By  Charles  Mat,  FJIA^S, 

The  author  brought  these  observations  forward  with  a  view  to  giving  infonnatioa 
to  such  persons  as  might  incline  to  visit  the  manufactory  of  them  at  the  Orwril 
Works,  which  would  be  open  to  any  visitors  to  the  British  Association. 

The  chairs  were  those  used  upon  narrow  gauge  lines  with  cross  sleepers*  and  the 
mode  of  casting  effected  great  accuracy,  so  that  each  was  practically  a  coonteipait 
of  the  rest ;  and  so  extensively  had  this  system  been  adopted,  that  more  than  fifty 
railways  had  been  supplied  with  them. 

The  fastenings  are  those  pieces  of  wood  called  treenails  and  wedges ;  the  fionas 
being  used  as  nails  to  fasten  the  chairs  to  the  sleepers,  and  the  latter  to  aoooze  tk 
rails  in  the  chairs. 

Mr.  May  described  the  structure  of  wood  as  a  bundle  of  tubes  of  irreguJar  i 
which,  when  emptied  of  the  sap  by  drying,  might  be  squeezed  together  into  a  m 
bulk,  just  as  a  bundle  of  leaden  pipe  might  be  compressed ;  but  in  the  case  of  i 
whidi  is  elastic,  it  is  found  necessary  to  keep  the  compressing  power  on  it  for  c 
time,  or  it  would  more  or  less  re-expand ;  if,  however,  during  the  continuaDce  of  the 
compressing  force,  a  small  degree  of  heat  is  applied,  the  wood  takes  a  "  set,"  which 
is  permanent  as  long  as  the  article  is  kept  dry ;  but  the  power  of  capillary  attzadioD 
not  being  destroyed  by  the  process,  the  fastenings,  when  used  upon  the  railways^ 
expanded  like  a  cork  driven  into  a  bottle,  and  this  kind  of  elastic  fastening  was  foiuid 
to  produce  not  only  increased  security  as  compared  with  other  modes  of  fasteningp 
but  also  a  smoother  motion  in  the  carriages. 

The  same  mode  of  compression  b  adopted  for  the  treenails  of  ships,  and  from  a 
series  of  experiments  made  by  a  Cominittee  appointed  by  the  Admiralty,  it  appeand 
that  these  compressed  treenails  had  29  per  cent,  more  transverse  and  60  per  oeoL 
more  adhesive  strength  than  those  in  ordinary  use ;  yet  even  these  advantages  had 
not  secured  their  adoption.  . 

On  the  AppluxaUm  of  Chilled  Cast  Iron  to  the  Pivots  of  Astronomical  In- 
strvments.    By  Charles  MAYf'F^RJLS. 

In  laying  before  this  Section  a  few  observations  on  this  subject,  some  prelhainaty 
remarks  on  the  process  of  chill  casting  and  its  previous  application  to  other  porpases 
seem  to  be  requisite. 

"  It  has  long  been  known  that  if  a  mould  for  casting  iron  be  made  of  iron^  or 
partly  of  iron  and  partly  of  sand,  that  portion  of  the  casting  which  has  run  agalaat 
the  iron  becomes  what  is  technically  termed  '  chilled,'  and  is  indicated  by  a  wlute 
crystalline  structure  to  a  depth  depending  upon  various  conditions  of  temperatiue 
of  the  mould  and  the  metal  run  into  it,  as  well  as  of  the  chemical  composition  of  the 
iron.  The  practical  utility  of  chill  casting  depends  on  the  fact,  that  the  part  thos 
rendered  crystalline  is  of  extreme  hardness,  nearly  equal  to  that  of  hardened  sted ; 
whilst  the  remainder  of  the  casting  may  be  as  soft  as  iron  cast  in  the  ordinary  sand- 
moulds. 

"  The  rationale  of  the  effect  thus  produced  is  not  well  understood ;  cast  iron  Is  a 
compound  of  iron  with  variable  proportions  of  carbon,  and  these  proportions  have 
not,  as  I  believe,  been  yet  reduced  to  anything  like  atomic  order :  some  statements 
give  as  much  as  16  per  cent,  of  carbon  in  very  soft  pig  iron,  and  such  iron  exhfliitB 
very  little  or  no  tendency  to  chilling.  Practical  experience  is  at  present  tiie  only 
guide  to  the  production  of  the  desired  effect ;  in  some  cases  a  very  thin  bard  slratiim 
b  desired,  in  others  a  considerable  depth ;  and  this  stratam  may  be  varied  ftooa  aa 
almost  imperceptible  white  line  to  half  or  three-quarters  of  an  inch  in  d^th,  tiiia  latter 
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being  required  in  the  large  rolls  for  making  the  finest  thin  sheet  iron.  Chemically 
speaiking,  cast  iron  and  steel  are  of  the  same  composition,  viz.  iron  with  a  propor- 
tion of  carbon ;  the  proportion  of  the  latter  in  cast  iron  being  infinitely  greater  than 
in  steel.  Here  I  would  point  out  a  remarkable  difference  between  chilled  cast  iron 
and  steel.  If  the  latter  is  heated  red-hot  and  plunged  into  cold  water  it  becomes 
extremelv  hard  $  if  in  this  state  it  be  again  heated,  it  resumes  its  original  softness ; 
but  if  dulled  iron  be  so  treated  it  still  retains  its  hardness.  Whether  this  is  caused 
by  mere  mechanical  arrangement  or  by  the  chemical  combination  of  Uie  atoms, 
whether  there  be  a  metallic  base  of  carbon  in  one  case  and  not  in  the  other,  or  by 
whatever  these  differences  are  caused,  is  far  too  little  understood ;  the  whole  subject 
is  one  deserving  the  doee  attention  of  those  whose  pursuits  enable  them  to  study 
chnnical  analgia.  Indeed,  when  we  reflect  on  the  fact,  that  without  the  peculiar 
properties  of  iron  and  carbon,  dvilization  could  not  have  been  carried  on,  it  does 
appear  strange  that  the  master-minds  of  the  age  have  not  acquired  more  knowledge 
of  the  relative  action  and  combinations  of  these  two  substances.  It  would  be  foreign 
to  our  present  object  to  enter  upon  the  mode  of  manufacturing  steel,  but  I  may 
state  the  fact,  that  it  is  extremdy  difficult  to  procure  any  masses  that  are  of  uniform 
density,  whilst  chill  cast  iron  is  easily  produced  with  large  homogeneous  surfaces, 
and  this  brings  me  to  the  main  subject  proposed  for  your  attention,  viz.  the  appli- 
cation of  it  to  the  pivots  of  astronomical  instruments.  About  four  years  since  the 
Astronomer  Royal  applied  to  my  partners  and  self  respecting  the  construction  of  the 
mechanical  parts  of  a  new  meridional  instrument,  the  size  of  which  so  greatly  ex- 
ceeded anything  of  the  same  kind,  that  it  became  a  serious  question  of  what  mate- 
rial the  pivots  should  be  made :  it  was  requisite  that  it  should  be  both  hard  to  resist 
wear  as  much  as  possible,  and  homogeneous  to  ensure  that  whatever  wear  took  place 
should  be  uniform. 

"The  extensive  use  we  make  of  chill  cast  iron  suggested,  that  if  the  pivots  were  so 
cast  with  the  body  of  the  axis  in  sand  mould  and  all  run  together,  an  instrument 
might  be  produced  combining  all  the  requisite  qualifications.  This  has  been  suc- 
cessfully accomplished,  and  the  great  transit  drde  or  meridian  instrument  is  now  at 
work  in  the  Royal  Observatory  to  the  satisfaction  of  the  Astronomer  Royal,  on 
whose  designs  the  whole  has  been  constructed." 

After  a  ri§^d  examination  of  the  form  of  the  pivots,  the  Astronomer  Royal  has 
concluded  that  no  correction  for  the  shape  of  the  pivots  is  required.  Specimens  of 
trial  castings  for  the  pivots  were  laid  before  the  meeting. 


De$eripHon  cfan  Improved  Safety  Valve.    By  James  Nasmyth,  F.R.A.S. 

Mr.  Naamyth  described  his  improved  safety  valve  for  steam-boilers,  in  which  he 
sought  to  combine  simplidty  of  construction  and  efficacy  of  action  with  the  utmost 
security  which  a  safetjr  valve  can  afford  against  explosion  arising  from  undue  pres- 
sure.  He  prefaced  his  description  by  alluding  to  the  main  source  of  derangement 
and  uncertainty  in  the  action  of  safety  valves  as  hitherto  constmcted,  namely,  the 
employment  of  a  conical  bearing  surface  in  the  valve  and  in  its  seat,  which  renders 
the  use  of  a  spindle  and  guide-socket  requisite  so  as  to  constrain  the  valve  to  rise 
from  its  seat  in  a  direction  absolutely  vertical  to  the  seat  or  bearing.  This  guide- 
spindle  to  be  of  any  service  has  to  fit  the  socket  in  which  it  works  with  considerable 
precision,  in  consequence  of  which  any  mud  or  incrustation  which  may  chance  to 
get  upon  the  spindle  of  the  valve  tends  to  prevent  its  rise  and  so  far  arrest  its  action. 
In  order  to  remove  this  serious  defect,  a  spherical  bearing  has  been  employed,  which, 
by  permitting  the  valve  to  fit  its  seat  in  any  position,  dispenses  with  the  necessity  of 
any  p;uide  or  spindle.  The  grand  feature  in  Mr.  Nasmyth's  improvement,  however, 
consists  in  the  peculiar  mode  by  which  a  constant  slight  movement  is  given  to  the 
valve  in  its  seat  by  employing  tiie  motion  of  the  water  during  ebullition  so  to  act 
upon  the  valve  as  to  ftunish  §ie  means  of  preventing  its  ever  becoming  set  fast  in 
its  seat. 

This  important  object  is  attained  in  the  most  simple  manner  by  attaching  to  the 
bottom  of  the  weight,  which  hangs  down  innde  the  boiler  (and  which  weight  is 
attached  to  the  valve  by  an  inflexible  rod),  a  dieet-iron  appendage,  which  dipping  a 
few  inches  into  the  water,  transfers  Uie  constant  swaying  motion  of  the  water  to  the 
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valve  in  its  seat,  and  so  keeps  it  constantly  free  and  ready  to  rise  whenever  tlie  pre»* 
sure  attains  the  required  force. 

Mr«  Nasmyth  exhibited  several  diagrams  drawn  by  the  valve  itsel/,  which  gme 
the  most  clear  evidence  of  the  existence  and  nature  of  the  motion  which  the  valve 
derives  from  the  action  of  the  water  on  the  sheet-iron  appendage  before  named. 
These  diagrams  were  obtained  by  attaching  a  pencil  to  the  top  of  the  valve,  and  per- 
mitting it  to  draw  upon  a  card  such  figures  as  resulted  from  the  slight  bat  ioceanM 
motion  of  the  valve.  The  perfect  action  of  this  valve  has  led  to  its  extensiffe 
adoption.  

On  a  Direct  AoHan  Steam-Fan  far  the  more  perfect  VentUation  of  Coal  Mmet, 
By  James  Nasmtth,  (7.^.,  F*R.A,S.. 

Mr.  Nasmyth  exhibited  drawings  and  gave  a  description  of  his  direct  action  steam" 
fan  which  he  had  contrived  and  arraDged  for  the  purpose  of  improving  the  ventila- 
tion of  coal  mines.  The  fan  is  one  of  the  most  efficient  and  simple  agents  for  moviaf 
great  masses  of  air,  and  operating  through  the  agency  of  centrifugal  action ;  the 
quantity  of  air  which  it  can  draw  in  at  its  central  opening  is  exactly  equal  to  what 
it  can  blow  out  or  distribute  from  its  circumference ;  and  although  we  are  most  fami- 
liar with  the  action  of  fans  as  blowing  agents,  yet  the  suction  powers  of  fans  are 
equally  effective,  and  it  is  this  suction  power  which  Mr.  Nasmyth  proposes  to  em- 
ploy as  the  means  for  the  better  ventilation  of  coal  mines.  In  this  respect  the  appli- 
cation of  fans  for  the  purpose  in  question  is  not  novel ;  but  the  efficiency  of  these 
powerful  and  otherwise  simple  machines  has  been  much  impeded  by  the  complex 
and  troublesome  apparatus  which  has  hitherto  been  employed  for  transmitting  the 
required  high  rotative  velocity  to  them,  such  as  by  the  use  of  straps,  belts  and 
pulleys,  and  other  agents  employed  in  converting  the  slow  motion  of  a  loag-stroked 
engine  into  the  high  velocity  of  rotation  required  by  such  fans. 

The  chief  feature  of  novelty  in  the  fan  proposed  by  Mr.  Nasmyth,  consists  in  the 
application  of  a  short-stroke  steam-engine  working  direct  on  to  the  spindle  or  axb 
of  the  fan,  on  the  end  of  which  the  crank  of  the  engine  is  placed ;  by  tiiis  system  of 
arrangement  all  intermediate  gearing  and  machinery  is  done  away  with,  and  the 
power  of  the  steam  made  to  act  in  the  most  direct  manner  on  the' fan.  Ihe  dia- 
meter of  the  fan  described  by  Mr.  Nasmyth  is  6  feet,  the  stroke  of  the  engine  4  inches ; 
the  diameter  of  the  cylinder  of  the  engine  being  12  inches,  this,  worked  with  steam 
of  a  pressure  of  30  lbs.  to  the  square  inch,  produces  a  rate  of  motion  on  the  fan  of 
650  revolutions  per  minute  ;  and  as  the  fan  blades  are  2  feet  wide,  the  rate  of  dis- 
charge in  cubic  feet  per  minute  is  equal  to  23,000 ;  and  as  the  ingress  apertures  at 
each  side  of  the  fan  are  in  direct  communication  with  the  up-cast  shaft  of  the  naine, 
a  corresponding  quantity  of  air  will  descend  the  down-cast  shaft  and  pervade  the 
workings.  An  important  advantage  of  this  mode  of  ventilation  will  be,  that  Uie  ven- 
tilating agent,  namely,  the  fan,  is  at  all  times  visible,  open  to  inspection,  being  placed 
on  the  surface  of  the  ground,  and  in  that  respect  free  from  danger ;  and  even  in  the 
event  of  any  explosion  in  the  pit,  the  means  of  reventilating  is  by  its  means  at  hand. 


On  an  improved  Apparatus  far  Casting  the  Specula  o/R^lecting  Telueopes. 
By  James  Nasmyth,  CE.^  F.R.A.S. 

On  a  Method^  condensing  Steam  in  Marine  Engines,  at  present  ew^ioyed 
in  several  Steam  Vessels  in  the  Bristol  Channel.  By  Joseph  T.  Pkicx 
of  Neath  Abbey. 

It  is  well  known  tiiat  Boulton  and  Watt,  when  they  took  out  their  patent  for 
their  steam* engine,  tried  the  effect  of  surface  condensers,  and  proved  the  superiority 
of  condensing  by  a  jet  of  water  in  land  engines ;  but  it  is  also  well  knovm  that  at 
that  period  marine  engines  for  giving  motion  to  ships  on  rivers  and  the  sea  bad  not 
been  used.  Had  marine  engines  been  in  use  at  that  time,  it  may  fairiy  be  supposed 
that  Boulton  and  Watt  would  not  have  omitted  to  show  the  adaptation  of  the  coki 
water  through  which  a  vessel  passes  to  the  purpose  of  condensation  and  feeding  tiie 
boiler  with  hot  water  freed  from  salt,  &c. 
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The  employment  of  muddy  and  salt  water  for  condensation  of  steam  and  for 
maintaining  a  vacuum  in  marine  engines  is  well  known  to  be  disadvantageous,  so 
much  of  the  power  of  the  engine  being  employed  in  the  process  of  exhaustion  by 
the  air-pump. 

Ihe  iqiplication  of  the  screw-propeller  for  a  ship  at  sea  has  called  attention  to  the 
means  most  simple  and  effective  for  obtaining  for  such  propeUers  a  rapid  motion^ 
whereby  to  ensure  high  speed  for  the  ship. 

These  are  among  the  considerations  which  have  led  to  the  discovery  that  the  steam, 
after  it  has  exerted  its  power  on  the  piston,  may  be  condensed  instantly  by  being 
conducted  into  a  receiver  or  receivers  placed  longitudinally  within  a  vessel,  and  on 
each  side,  filled  after  the  manner  of  tubular  boilers,  with  metallic  tubes  inserted  into 
metallic  plates  of  ample  substance  to  ensure  perfect  tightness,  and  each  end  of  which 
is  connected  with  the  water  of  the  sea  or  river  by  a  bent  tube  and  apertures  made 
in  the  sides  of  a  ship  or  vessel. 

This  method  has  been  for  several  years  adopted  to  great  advantage. 

"  It  was  mentioned  by  myself  to  the  Mechanics'  Section  of  the  British  Association 
for  the  Advancement  of  Science  two  years  since,  when  their  Annual  Meeting  was  held 
at  Swansea,  but  it  was  named  only  incidentally  in  the  course  of  some  discussion  on 
marine  engines,  and  I  am  not  aware  that  it  has  ever  claimed  the  attention  which 
further  experience  has  shown  it  merits.  I  therefore  avail  myself  of  the  occasion  which 
is  now  presented  to  me  to  place  before  the  view  of  the  meeting  facts  fairly  proved 
by  the  Neat^  Abbey  Iron  Company  as  makers,  and  myself  as  associated  with  them, 
and  as  an  owner  of  several  of  these  marine  engines ;  that  even  high  steam  may  be 
safely  employed  in  such  vessels  in  what,  for  facility  of  description,  I  will  call  loco- 
motive boilers ;  that  such  steam  gives  a  rapid  motion  to  the  piston,  and  that  this 
action  may  be  conveyed  direct  to  the  crank,  giving  motion  to  a  shaft  and  propeller 
without  any  multiplying  wheel ;  that  the  steam  so  employed  may  be  condensed  by 
being  at  once  conveyed  from  the  cylinder  into  the  receiver  within  the  vessel,  furnished 
with  metallic  tubes,  through  which  the  water  of  a  river  or  the  sea  shall  rapidly  pass ; 
that  such  ^ater  so  passing  through  the  tubes  of  a  receiver  maintains  coldness  to  a 
great  extent  in  the  interior  of  such  receiver ;  that  the  steam  passing  from  the  cyliqder 
into  such  receiver  becomes  instantly  condensed,  though  still  retaining  heat  enough 
for  advantageously  feeding  the  boiler  with  fresh  water ;  that  by  these  means  litUe 
or  no  vacuum  can  be  obtained  independently  of  the  power  of  the  engine  employed  in 
other  vessels  in  working  the  air-pump ;  that  the  water  so  condensed  is  agam,  by 
pumping,  transferred  to  the  boiler,  and  that  thus  the  supply  of  fresh  water  taken  in 
at  starting  serves,  as  far  as  I  have  proved  it,  for  ft  voyage  from  port  to  port  fur  one 
day ;  that  hereby  the  boiler  is  kept  free  from  salt  or  mud,  and  does  not  require  to 
be  blown  out  to  clear  it  from  salt,  and  thus  time  and  power  are  further  ceconomized ; 
and  that  under  all  these  circumstances  a  higher  speed  may  be  acquired  for  a  vessel 
with  the  same  size  cylinder  and  boiler,  and  an  oeconomy  of  fuel  to  a  considerable 
extent  is  the  result, 

'*  I  have  a  steamer,  called  the  Princess  Royal,  on  this  principle  in  daily  use  in  the 
Bristol  channel,  where  the  advantages  of  this  method  of  condensing  are  obvious, 
jnie  fuel  consumed  is  not  more  than  two-thirds  of  that  used  in  a  timber  vessel  with 
engines  of  equal  power  on  the  old  plan,  running  the  same  distance ;  the  speed  of 
this  iron  vessel  is  greater  by  one-third,  and  its  power  to  carry  cargo  nearly  doubled. 

"  I  have  also  two  small  passenger-boats  on  the  Bristol  dock  basin,  plying  from  Bris- 
tol to  the  Hot  Wells,  the  Expert  and  Express,  the  engines  of  whidi  are  on  the  same 
condensing  principle.  Large  condensers  may  exert  a  partial  vacuum.  The  respec- 
tive forms  of  the  two  vessels  proves  this  result." 


^   On  Mechanism  to  explain  the  Pendulum  Eaiperimeni. 
By  Richard  Roberts,  C.E, 

The  fixat  model,  by  reference  to  which  Mr.  Roberts  explained  his  view  of  the  sub- 
ject, consbted  of  a  railway  upon  a  board,  mounted  on  three  balls,  as  feet,  and  upon 
that  board  a  smaller  board  was  mounted  on  four  wheels  like  a  railway  waggon ;  upon 
the  waggon  a  swan-necked  piece  of  iron  was  secured,  the  upper  end  of  which  was 
bored  to  receive  an  axle  representing  a  prolongation  of  the  imaginary  axis  of  the  earth. 
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To  the  lower  end  of  the  iron  axle  a  portion  of  a  brass  sphere  was  attached  in  sodi  a 
manner  as  would  admit  of  a  dial- plate  divided  into  24  parts,  to  repieaent  as  inaay 
hours,  being  .brought  with  its  centre  vertically  over  the  nor^  pole,  where  it  might 
be  fixed  by  a  thumb-screw  within  the  sphere,  or  at  any  latitude  down  to  the  equator. 
To  the  upper  end  of  the  axle  was  fixed  a  pulley,  having  two  grooves,  round  each  of 
which,  in  contrary  directions,  a  small  cord  was  passed,  which  was  then  carried 
through  a  small  hole  into  the  interior  of  the  pulley,  where  it  was  secured.  The  endi 
of  the  cord  were  fastened  tight  to  pillars  secured  one  to  each  end  of  the  bottom  boaid. 
By  this  arrangement  the  model  sphere  was  made  to  rotate  by  moving  the  wagg^ 
along  the  railway.  Attached  to  the  waggon,  and  exactly  coinciding  with  Uie  centre 
of  the  sphere,  was  an  universal  joint,  from  which  a  radial  bar  of  steel  extended  throng 
and  a  little  above  the  dial,  where  it  received  a  steel  cross-bar  that  might  be  set  in 
any  direction  to  represent  the  plane  of  the  pendulum's  oscillations.  Mr.  Roberts 
contended  that  the  phsenomena  in  nature  happened  as  this  model  showed,  viz.  that 
the  pendulum  would  perform  a  revolution  in  24  hours  in  all  latitudes  above  45®«  or 
even  a  little  below  that  latitude,  after  which  it  would  reciprocate. 

The  second  model  consisted  of  a  qua4rant,  upon  the  edge  of  which  vn»  a  bcasi 
dial  divided  into  24  parts  to  represent  hours.  Upon  a  pin  or  stud,  fixed  in  the  cestre 
of  the  dial,  was  a  pointer,  to  one  extremity  of  which  a  plummet  was  suspended,  tlie 
object  of  which  was  to  keep  the  pointer  parallel  to  anv  plane  that  the  p^dnlnm  mi|^ 
be  caused  to  oscillate  in ;  whilst  the  plummet  will  always  be  in  the  direction  of  tibe 
centre  of  the  earth's  gravity.  To  show  the  operation  of  me  pendulum  in  all  latitiidca» 
the  quadrant  had  been  mounted  upon  a  stand  with  pieces  of  wood  jointed  in  soch  t 
manner  that  the  parallelism  of  the  pendulum  to  any  plane  in  space  might  be  seoi  by 
inspection  of  the  model.  __«^ 

On  a  simple  method  qfappfying  the  Power  €f  Wind  to  a  Pump^far  tfe/wr- 
p09e  cf  IrrigcOuniy  as  put  into  practice  at  the  Cape  of  Good  Hope.  Bjf 
Professor  P.  Smyth.  " 

On  an  Improved  Mod^ication  of  the  Beservoir  for  Oold  Perns, 
By  Jambs  Thomson,  CJE. 

A  slightly  worn  quill  pen  is  generally  esteemed  the  best  instrument  for  affording 
quickness  and  ease  in  writing.  The  leading  objection  to  steel  pens  is  that  tiiey 
scratch  the  paper ;  if  not  when  new,  certainly  after  they  have  been  exposed  lor  a 
short  time  to  the  corrosive  actioi^of  Ihe  ink.  In  gold  pens  the  points  may  be  made 
of  any  form,  either  fine  or  blunt ;  but  if  they  be  made  as  blunt  as  would  be  desirable 
to  imitate  the  slightly  worn  quill  pen,  it  is  found  that  the  ink  is  discharged  in  mnch 
too  great  quantity  on  the  paper,  and  that  thus  the  writing  is  blotted,  and  inconve- 
niently frequent  dipping  of  the  pen  b  reqiured.  The  reason  why  the  capillary  at- 
traction has  so  much  less  power  to  hold  up  the  ink  in  the  gold  pen  than  in  the  quill 
one,  is  to  be  found  in  the  di£fierenoe  of  form  of  the  two  pens.  In  the  gold  pen  the 
part  to  which  the  ink  adheres  requires  to  be  tapered  very  much  to  produce  the  re- 
quisite flexibility  in  so  rigid  a  material.  In  the  quill  pen,  on  the  other  hand,  die 
semicylindrical  part  extends  very  nearly  to  the  point,  and  contains  the  upper  p«it  of 
the  drop  of  ink.  The  hollow  form  thus  given  to  the  surface  of  the  drop  of  ink  in  die 
quill  pen  has,  according  to  the  laws  of  capillary  attraction,  a  powerful  tendency  to 
sustain  the  mk|  while  the  convex  form  of  tne  drop  in  the  gold  pen  tends  to  force  the 
ink  down  on  the  paper. 

The  objections  thus  arising  to  the  gold  pens  may,  however,  be  more  than  obviated 
by  the  application  of  a  reservoir  consisting  of  a  plate  or  tongue  of  gold  placed  in  the 
hollow  of  the  pen  so  as  to  cover  the  part  to  which  the  ink  afUieres.  Now  a  reservoir 
nearly  fulfilling  all  the  conditions  that  could  be  desired  has  been  for  some  time  in 
use,  having  been  patented  by  Mr.  Riddle  and  manufactured  by  Mr.  Mordan«  There 
are  however  some  objections  to  which  that  particular  form  of  reservoir  is  subject. 
It  does  not,  for  instance,  admit  of  being  opened  wide  enough  to  be  easily  cleaned; 
and  from  its  large  size  it  contains  more  ink  than  it  can  hold  up  with  sufficient  Ibroe. 
The  new  modification,  which  is  the  subject  of  the  presentpaper,  is  free  from  these 
objections  and  appears  to  be  decidedly  an  improvement.    There  is  a  plate  or  ton^e 
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of  gold  attached  to  the  pen  by  a  hinge .  The  hmge  allows  of  the  tongue  being  opened 
widely  out  from  the  pen  for  cleaning,  and  also  of  its  being  turned  back  completely, 
so  that  the  pen  can  be  used  without  the  reservoir,  which  may  be  desirable  if  a  few 
words  only  are  to  be  written,  and  if  there  should  happen  to  be  no  convenient  way 
to  dispose  of  a  reservoir  full  of  ink  when  the  writing  is  done.  A  sufficient  tightness 
at  the  hinge  to  make  the  tongue  remain  in  any  position  in  which  it  may  be  placed  is 
produced  by  friction  between  the  barrel  of  the  hinge  and  the  pen  (not  between  the 
barrel  and  tiie  pin  which  passes  through  it).  This  iriction  is  gained  by  means  of  a 
slit,  distinctly  shown  in  the  figure,  proceeding  through  the  tongue  from  the  hinge, 
and  permitting  the  barrel  of  the  hmge,  originally  made  a  little  longer  than  Sie 
space  in  which  it  works,  to  be  compressed  longitudinally,  when  put  into  that  space 
by  the  maker ;  so  that  it  always  tends  to  expand,  and  thus  presses  outwards  against 
the  pen. 
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xi. 

Places  of  meeting  and  officers  from  com- 
mencement, xiv. 

Members  of  Council  from  commence- 
ment, XTl. 

Treasurer's  account,  xviii. 

Officers  and  Council,  xx. 

Officers  of  Sectional  Committees,  xxi. 

Corresponding  members,  xxii. 

Report  of  Council  to  General  Committee 
at  Ipswich,  xxiii. 

Recommendations  adopted  by  General 
Committee  at  Ipswich,  xxix. 

Printing  of  communications,  xxxi. 

Synopsis  of  money  grants  appropriated  to 
scientific  objects,  xxxii. 

General  statement  of  sums  paid  on  account 
of  grants  for  scientific  purposes,  xxxiii. 

Extracts  from  resolutions  of  the  General 
Committee,  xxxvii. 

Arrangement  of  general  meetings,  xxxviii. 

Address  by  the  Astronomer  Royal,  xxxix. 

Acid,  on  the  use  of  the  term,  127. 

Aerolite,  fall  of  a,  at  Sulker,  47. 

Air  of  towns,  on  the,  67. 

Alcohol,  on  the  use  of  the  term,  129. 

Aldehydes,  on  the  use  of  the  term,  ib. 

Alkalies,  vegetable,  on  the  use  of  the 
term,  127. 

Annelida,  on  the  British,  159;  nomen- 
clature of  the,  162;  zoological  position 
of  the,  ib,;  anatomy  of  the,  167;  cir« 
culating  fluids  and  system  in  tlic,  176; 
integumentary  system,  190;  branchial 
processes,  192 ;  locomotive  and  tactile 


appendages,  203;  alimentary  system, 
219;  reproductive  system,  2*16;  senses, 
instinctive  actions,  and  nervous  system, 
266. 

Bombay,  on  a  meteor  seen  at,  44 ;  on  a 
meteoric  shower  at,  50. 

Camphor,  on  the  use  of  the  term,  127. 
Cetonc,  on  the  use  of  the  tenn,  129. 
Cleghorn  (Dr.  Hugh)  on  the  destruction 

of  tropical  forests,  79. 
Climate  of  Southampton,  remarks  on  the, 

54. 
Cryptogamous  plants,  on  the  reproduction 

and  supposed  existence  of  sexual  organs 

in  the  higher,  102. 

Daubenv  (Dr.),  eleventh  report  on  the 
growth  and  vitality  of  seeds,  53;  on 
the  nomenclature  of  organic  com- 
pounds, 124. 

Donaldson  (Rev.  J.  W.)  on  two  unsolved 
problems  in  Indo-German  philology, 
138. 

Drew  (John),  remarks  on  the  climate  of 
Southampton,  54. 

Durham,  on  a  meteor  seen  at,  42. 

Earthouake  phsenomena,  second  report 
on  the  facts  of,  272. 

Earthquake  catalogue,  on  the  construc- 
tion of  the,  317. 

Eauisetaces?,  on  the,  111. 

Ethers,  on  the  use  of  the  term,  129. 


Ferns,  on  the,  107. 
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ForestSi  on  the  destruction  of  tropical,  79. 

Gladstone  (Dr.  and  Mr.  G.),  provisional 
report  on  the  growth  of  plants  in  dif- 
ferent gases,  372. 

Glycerides,  on  the  use  of  the  term,  129. 

HayerhiU,  on  shooting  stars  seen  at,  39. 

Henfrey  (Arthur)  on  the  reproduction 
and  supposed  existence  of  sexual  organs 
in  the  higher  cryptogamous  plants,  102. 

Henry  (Prof.)  on  the  system  of  meteoro- 
logical observations  proposed  to  be  esta- 
blished in  the  United  States,  320. 

Henslow  (Prof.),  eleventh  report  on  the 
growth  and  vitality  of  seeds,  53. 

Hepaticse,  on  the,  106. 

Hydrocarbon,  on  the  use  of  the  term,  126. 

India,  on  meteors  seen  in,  45 ;  timber- 
trees  of,  97. 

Indo-German  philology,  on  two  unsolved 
problems  in,  138. 

Isoetacese,  on  the,  114. 

Kew  magnetographs,  on  the,  320,  328. 

Kew  Observatory,  eighth  report  on  the, 
335 ;  on  the  building,  instruments.  See, 
336 ;  electrical  apparatus,  t6. ;  anemo* 
meter,  341 ;  rain-gauges,  ib, ;  thermo- 
meters, hygrometers,  &c.,  ib,;  baro- 
meters, 346;  magnetographs,  350; 
electro-meteorological  observations 
made  at  the,  354 ;  experiments,  &c., 
358 ;  miscellaneous  memoranda,  &c., 
368. 

Killeney  bay-sand,  rate  of  wave-transit  in 
the,  274. 

Kishnaghur,  on  a  meteor  observed  at,  44. 

Lindley  (Prof.),  eleventh  report  on  the 

growth  and  vitality  of  seeds,  53. 
Lycopodiaces,  on  the.  111. 

Magnetographs,  Kew,  on  the,  320,  328. 

MaUet( Robert),  second  report  on  the  facts 
of  earthquake  phsenomena,  272. 

Meteoric  phsBnomena  seen  at  Toronto,  40. 

Meteorological  observations  proposed  to 
be  established  in  the  United  States,  on 
the  system  of,  320. 

Meteors,  luminous,  catalogue  of,  prior  to 
last  catalogue,  July  1850, 2 ;  appendix 
to,  38;  seen  at  Ventnor,  ib,\  at  Sand- 
wich, ib, ;  at  Port  Madoc,  Caernarvon- 
shire, 39;  at  Collingwood,  ib.;  near 
Oxford,  40;  at  Pocklington,  41;  at 
Durham,  42 ;  in  India,  44 ;  at  Kish- 
naghur, ib. ;  at  Bombay,  44, 45, 47, 48, 
50 ;  at  Sborapore,  46 ;  at  Camp  Beer- 


hoom  district,  between  Poonah  and 
Bombay,  47 ;  at  Mazagon,  48,  50,  51 ; 
at  Cawnpore,  48 ;  at  Kolapore,  48, 50; 
list  of,  observed  in  past  years,  49;  at 
Kilkenny  House,  Bath,  ib, ;  in  Britiah 
Cafiraria,  51 ;  at  Belfast,  52 ;  at  Poona, 
51. 
Mosses,  on  the,  104. 

Oils,  essential,  on  the  use  of  the  term,  127. 

Organic  bodies,  on  the  classes  of,  126 ;  on 
the  terminations  of  the  words  designa- 
ting the  members  of  each  class  of,  131. 

Organic  compounds,  on  the  nomenclatuze 
of,  124. 

Oxford,  on  meteors  seen  near,  40. 

Philology,  on  two  unsolved  problems  in 

Indo-German,  138. 
Plants,  on  the  reproduction  and  supposed 

existence  of  sexual  organs  in  the  nigiier 

cryptogamous,  102;  provisional  report 

on  the  growth  of,  in  dmerent  gases,  372. 
Pocklioffton,  Yorkshire,  on  meteors  and 

shooting-stars  seen  at,  41. 
Port  Madoc,  Caernarvonshire,  on  a  meteor 

seen  at,  39. 
Powell  (Rev.  Baden),  fourth  report  oa 

observations  of  luminous  meteon,  1. 

Resin,  on  the  use  of  the  term,  127. 

Rhizocarpese,  on  the,  116. 

Ronalds  (Francis),  eighth  report  on  tiie 

observatory  at  Kew,  335. 
Royle  (Prof.)  on  the  destruction  of  tropical 

forests,  79. 

Sabine  (Colonel),  letter  to,  from  Prof. 
Henry  on  the  system  of  meteorological 
observations  proposed  to  be  establialied 
in  the  United  States,  320;  report  on 
the  Kew  magnetographs,  325. 

Salts,  neutral,  on  the  use  of  the  term,  127. 

Sandwich,  on  a  meteor  seen  at,  38. 

Scotland,  geographical  survey  o£^  report 
of  the  committee  on  the,  370. 

Seeds,  on  the  growth  and  vitality  of,  5^. 

Seismoscope,  on  the,  278. 

Sexual  organs  in  the  higher  cryptogamooi 
plants,  on  the  reproduction  and  sop- 
posed  existence  of,  102. 

Smith  (Dr.  R.  A.)  on  the  air  and  water  of 
towns.  Action  of  porous  strata,  water 
and  organic  matter,  66. 

Smith  (Capt.  R.  Baird)  on  the  destructioB 
of  tropical  forests,  79. 

Southampton,  remarks  on  the  climate  of, 
54. 

Stars,  shooting,  seen  at  Haverhill,  39; 
seen  at  Steeple  Claydon,  40 ;  at  fiom- 
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bay,  44 ;  at  the  Bohre  Gaut,  45 ;  at 

Huggate,  near  PocUington^  41,  49. 
Strachey  (Capt.  R.)  on  the  destruction  of 

tropical  forests,  79. 
Strickland  (H.  £.)«  eleventh  report  on 

the  growth  and  vitality  of  seeds,  53. 

Toronto,  on  a  curious  meteoric  phseno* 

menon  seen  at,  40. 
Trees  of  India,  list  of  the  timber,  97. 
Tropical  forests,  on  the  destruction  of,  79. 

United  States,  on  the  system  of  meteoro- 


logical  observations   proposed  to  be 
established  in  the,  320. 

Ventnor,  on  a  meteor  seen  at,  38. 

Water  of  towns,  on  the,  %7, 

Wave-transit,  rate  of,  in  the  Killeney  bay- 
sand,  274. 

Welsh  (John)  on  the  Kewmagnetographs, 
328. 

Williams  (Dr.  Thomas),  report  on  the 
British  annelida,  159. 


INDEX  II. 

TO 

MISCELLANEOUS  COMMUNICATIONS  TO  THE 
SECTIONS. 


Abyssinia,  synopsis  of  seventy-two 
languages  of,  and  the  adjacent  coun- 
tries, 88. 

Acephalse,  hydrostatic,  on  the  anatomy  of 
the,  77. 

Acid,  gambogic,  51 ;  sulphuric,  52. 

Africa,  on  the  discovery  by  Dr.  Overweg 
of  Devonian  rocks  in  North,  58. 

Air-bubbles  formed  in  water,  on,  26. 

Air  and  water  of  towns,  on  sulphuric  acid 
in  the,  52. 

Air,  on  an  apparatus  for  determining  the 
quantity  of  hygrometric  moisture  in  the, 
29 ;  on  a  new  apparatus  for  supplying 
warm,  to  the  lungs,  83. 

Alder  (Joshua)  on  two  new  species  of 
Nudibranchiate  moUusca,  74;  on  the 
branchial  currents  of  Pholas  and  Mya, 

Alexander  (Capt.),  antler  of  a  reindeer 
found  by,  near  Southwold,  69. 

AUmau  (Prof.  6.  J.)  on  the  morphology 
of  the  fruit  in  the  CructfersB,  as  illus- 


trated by  a  monstrosity  in  the  wall- 
flower, 70. 

Alps,  Bavarian,  on  Klinology  in  reference 
to  the,  69. 

America,  on  a  proposed  railway  commu* 
nication  fW>m  the  Atlantic  to  die  Pacific 
in  the  territories  of  British  Norths  111; 
South,  on  certain  tribes  of,  84. 

Analyser,  elliptic,  on  a  new,  14. 

Anderson  (Dr.  T.)  on  the  products  of  the 
action  of  heat  on  animal  substances, 
43. 

Andrews  (Dr.)  on  an  apparatus  for  de- 
termining the  quantity  of  hygrometric 
moisture  in  the  air,  29. 

Animal  substances,  on  the  products  of 
the  action  of  heat  on,  43. 

Annulosa,  on  the  antennse  of  the,  and 
their  homology  in  the  macrourals,  81. 

Ararat,  M.  Khamkoffon  his  ascent  of,  88. 

Art,  works  of,  on  the  influence  of  disco- 
veries in,  in  developing  the  condition 
of  a  people,  108. 
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Asci,  on  the  probability  of  the  conyeraion 
of,  into  spores  in  certain  fungi,  70. 

Asia,  on  tne  best  means  of  realizing  a 
rapid  intercourse  between  Europe  and, 
95. 

Asia  Minor,  notice  of  travels  in,  05. 

Astronomical  instruments  in  the  Great 
Exhibition,  account  of  the,  21 ;  on  the 
application  of  chilled  cast  iron  to  the 
piYots  of,  114. 

Astronomical  observations,  on  an  appara- 
tus for  making,  by  means  of  electro- 
"     magnetism,  21. 

Astronomy,  21. 

Atacama,  on  the  meteoric  iron  of,  84. 

Atkinson  (J.)  on  sea  sickness,  and  a  new 
remedy  for  its  prevention,  75. 

Athletic  men  of  Great  Britain,  comparison 
of,  with  Greek  statues,  84. 

Aurora  Borealis  seen  at  St.  Ives,  on  Oct 
1, 1850,  41. 

Australians,  notes  on  the,  95. 

Azores,  on  some  indications  of  the  mol- 
luscous fauna  of  the,  76. 

Bakewell  (F.  C.)  on  the  conduction  of 
electricity  through  water,  6. 

Barnacles,  on  the  occurrence  of  a  stratum 
of  stones  covered  with,  in  the  red  crag 
at  Wherstead,  65. 

Barometer,  on  the  rise  and  fall  of  the,  42. 

Bateman  (Dr.),  account  of  th'c  astronomi- 
cal instruments  in  the  Great  Exhibition, 
21. 

Battery,  on  M.  Pulvermacher's  patent  por- 
table hydro-electric  chain,  52. 

Beaumont  (George  Barber)  on  the  origin 
and  institutions  of  the  Cymri,  84. 

Beet-sum  manufacture  in  the  United 
Kingdom,  on  the  prospects  of  the,  100. 

Beke  (C.  T.)  on  a  diamond  slab  supposed 
to  have  been  cut  from  the  Koh-i-Noor, 
44 ;  a  summary  of  recent  Nilotic  dis- 
covery, 84. 

Ben  Cruachai),  on  granite  rocks  from,  59. 

Bengal,  on  the  inhabitants  of  Lower,  95. 

Berkeley  (Rev.  M.  J.)  on  some  facts 
tending  to  show  the  probability  of  the 
conversion  of  Asci  into  spores  in  certain 
fungi,  70. 

Bird,  on  the  remains  of  a  gigantic,  from 
the  London  clay  of  Sheppey,  55. 

Blood,  on  a  sample  of,  containing  fat,  77. 

BoUaert  (G.  A.)  on  the  meteoric  iron  of 
Atacama,  84. 

Bollaert  (W.  J.)  on  certain  tribes  of  South 
America,  84. 

Bollaert  (W.),  letter  to  Mr.  R.  Budge 
on  the  great  earthquake  experienced  in 
Chile,  AprU  2,  1851,  85. 


Bond  (G.  P.  and  R.  F.)  on  an  appantos 
for  making  astronomical  obsemtiaiis 
by  means  of  electro-nAgnetism,  21. 

Borneo,  on  the  geography  of,  with  de- 
scription of  the  island  and  ita  chief 
products,  88 ;  on  the  geography  of  the 
northern  portion  o(  89. 

Botanical  geography  of  part  of  the  Himm- 
laya  and  Tibet,  on  the,  72;  of  wealeni 
Tibet,  73. 

Botany,  70. 

Boutignv  (M.)  on  the  cause  which  main- 
tains bodies  in  the  spheroidal  state  be- 
yond the  sphere  of  physico-chemical 
activity,  44. 

Bowerbank  (J.  S.)  on  the  probaUe  di- 
mensions of  the  great  shark  (Carchariaa 
megalodon)  of  £e  red  crag,  54 ;  on  the 
pterodactvles  of  the  chalk  formation, 
55 ;  on  the  remains  of  a  gigantic  bird 
from  Uie  London  clay  of  Sneppey,  55. 

Br&hui,  on  the  ethnological  position  of 
the,  89. 

Brent  (J.  B.),  a  comparison  of  athletic  men 
of  Great  Britain  with  Greek  statues,  84. 

Britain,  on  the  ethnology  and  archaeology 
of  the  Norse  and  Saxons,  in  reference 
to,  90. 

Brooke  (Charles)  on  a  new  arrangement 
for  facilitating  tlie  dissection  and  draw- 
ing of  objects  placed  under  the  micro- 
scope, 7 ;  on  a  new  mode  of  illuminating 
opake  objects  under  the  highest  powers 
of  the  microscope,  ib, 

Brooke  (Sir  J.)  on  the  geography  of  the 
northern  portion  of  Borneo,  89. 

Broome  (C.  £.)  on  some  facto  tending  to 
show  the  probability  of  the  conv«vum 
of  Asci  into  spores  m  certain  fungi,  70. 

Brorsen,  on  the  comet  of  short  period  die- 
covered  by,  and  its  reappearance  in 
1851,  23. 

Brougham's  (Lord)  experiments  on  light, 
&c.,  in  Philos.  Trans.  1850,  nt.  1,  re- 
nurks  on,  by  Rev.  Prof.  Powell,  11. 

Budge  (R.),  letter  to  Mr.  W.  BoUaeK  on 
tlie  great  earthquake  experienced  in 
Chile,  April  2,  1851,  85. 

Buist  (Dr.)  on  the  climate  of  western  In- 
dia, 29 ;  on  hail-storms  in  India,  from 
June  1850  to  May  1851,  31 ;  on  the 
meteorology  of  Futtegurb,  40 ;  on  in- 
dications of  upheavals  and  depreiaions 
of  the  land  in  India,  56, 

Busk  ( Mr.)  on  new  speciesof  zoophytes,  76. 

Calico,  on  a  new  method  of  contracting 
the  fibres  of,  and  obtaining  on  it  pre- 
nared  colours  of  much  brilliancy,  5 1 . 

Calorific  efficiencies  of  coals,  on  some 
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theoretical  and  practical  methods  of  de- 
termining the,  47. 

Camhodia,  notes  on,  88. 

Camphor,  on  solid  and  liquid,  from  the 
Dryobalanops  camphora,  52. 

Canada,  on  yarious  facts  relating  to  the 
physical  structure  of,  59. 

Cape  frontier,  fossils  and  plants  collected 
on  the,  exhibited,  68. 

Carcharias  megalodon,  on,  54. 

Carpenter  (Capt)  on  the  duplex  rudder 
and  screw  propeller,  110. 

Chalk  formation,  on  the  pterodactyles  of 
the,  55. 

Chapman  (H.  S.)  on  the  statistics  of  New 
Zealand,  98. 

Chemistry,  43 ;  on  agricultural,  especially 
in  relation  to  the  mineral  theory  of 
Baron  Liebig,  45. 

Children  of  the  poorer  classes,  statistics  of 
the  attendance  in  schools  for,  99. 

Chile,  on  the  great  earthquake  experi- 
enced in,  on  April  2,  1851,  85. 

Clay  of  Sheppev,  on  the  remains  of  a 
gigantic  bird  n*om  the  London,  55. 

Qaudet  (A.)  on  the  dangers  of  the  mer- 
curial vapours  in  the  Daguerreotype 
process,  and  the  means  to  obviate  the 
same,  44 ;  on  the  use  of  a  polygon  to 
ascertain  the  intensity  of  the  light  at 
different  angles  in  the  photographic 
room,  45. 

Climate  of  western  India,  on  the,  29.  ^ 

Coals,  on  some  theoretical  and  practical 
methods  of  determining  the  calorific 
efficiencies  of,  47. 

Coal  mines,  on  a  direct  action  steam-fan 
for  the  more  perfect  ventilation  of,  116. 

Comet  of  short  period,  discovered  Feb.  26, 
1846,  and  its  reappearance  in  1851,  on 
the,  23. 

Compassee,  deviations  of  Uie,  of  H.M. 
steam  ships  Ajax  and  Blenheim,  10. 

Copper-bearing  rocks  of  Lake  Superior 
and  Huron,  on  the  age  of  the,  59. 

Corle  (T.)  on  the  mortality  in  different 
sections  of  the  metropolis  in  1 849,  99. 

Cox  (Homersham),  the  parallelogram  of 
mechanical  magnitudes,  1. 

Crag,  on  the  great  shark  of  the  red,  54 ; 
on  the  Echinodermata  of  the,  58 ;  on 
the  occurrence  of  a  stratum  of  stones 
covered  with  barnacles  in  the  red,  at 
Wherstead,  65 ;  on  the  fossil  mammalia 
of  the  red,  67 ;  on  the  structure  of  the, 
ib.;  on  some  tubular  cavities  in  the 
coral-line,  at  Sudboume  and  Gedgrave 
in  Suffolk,  70. 

Crawfurd  (W.  John)  on  the  negro  races 
of  the  Indian  Archipelago  and  Pacific 


islands,  86 ;  on  the  geography  of  Bor- 
neo, with  description  of  the  condition 
of  the  island,  and  its  chief  products, 
illustrated  by  historical  references,  88. 

Cruciferse,  on  the  morphology  of  the  fruit 
in  the,  70. 

Cullen  (Dr.)  on  a  proposed  canal  across 
the  isthmus  of  Darien,  88. 

Cymri,  on  the  origin  and  institutions  of 
the,  84. 

D'Abbadie  (Antoine),  a  83mopsis  of 
seventy-two  languages  of  Abyssmia  and 
tlie  adjacent  countries,  8*8. 

Dafi:uerreotype  process,  on  the  dangers  of 
the  mercurial  vapours  in  tlie,  and  the 
means  to  obviate  the  same,  44. 

Darieu,  on  a  proposed  canal  across  the 
isthmus  of,  88. 

Devonian  rocks  in  North  Africa,  on  the 
discovery  of,  58. 

De  Vry  (Professor  J.  E.)  on  nitro-glyce- 
rine  and  the  products  of  its  decomposi- 
tion, 52 ;  on  solid  and  liquid  camphor  * 
from  the  Diyobalanops  camphora,  58. 

Diamagnetism,  on,  15. 

Diamond  slab  supposed  to  have  been  cut 
from  the  Koh-i-Noor,  on  a,  44. 

Dipping-needle,  effect  of  three  Iron  cy- 
linders upon  the,  when  placed  in  a 
given  position,  9. 

Domingo,  ethnological  researches  in 
Santo,  90. 

DouU  (Alexander)  on  a  railway  commu- 
nication from  the  Atlantic  to  the  Pacific 
in  the  territories  of  British  North  Ame- 
rica, 111. 

Dryobalanops  camphora,  on  solid  and 
liquid  cipher  from  tlie,  52. 

Earl  (Windsor),  note  on  Cambodia,  88. 

Earthquake  experienced  in  Chile,  April  2, 
1851,  on  the,  85. 

Earth's  rotation,  Professor  Powell  on  M. 
Guyot's  experiment  on  the,  23* 

East  India  Company's  Service,  on  the 
vital  statistics  of  tlie  armies  in  the,  99. 

Echinodermata  of  the  crag,  on  the,  58. 

Elasticity  and  heat,  on  the  results  of  the 
hypothesis  of  molecular  vortices,  as  ap- 
plied to  the  theory  of,  3. 

Electric  chain  battery,  on  M.  Pulverma- 
cher's  patent  portable  hydro-,  52. 

Electricity,  6;  on  the  conduction  of, 
through  water,  ib. 

Electro-magnetism,  on  an  apparatus  for 
making  astronomical  observations  by 
means  of,  21. 

Elephant,  on  the  femur  of  a  gigantic  fos- 
sil, 51. 
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Elliptic  analyser,  on  a  new,  14. 

Engines,  marine,  on  a  method  of  con- 
densing steam  in,  116. 

England,  maps  illustrating  the  criminal 
statistics  of,  for  16  years,  100. 

Eocene  freshwater  formation  at  Hord- 
well,  on  new  fossil  mammalia  from  the, 
67. 

Ethnology,  84. 

Europe  and  Asia,  on  the  hest  means  of 
realizing  a  rapid  intercourse  between,  95. 

Exhibition,  Great,  account  of  the  astro- 
nomical instruments  in  the,  21. 

Fairbaim  (William)  on  the  construction  of 
iron  Tessels  exposed  to  severe  strain,  113. 

Fallow-deer,  antler  of  a,  found  at  Roy- 
don,  near  Diss,  69. 

Faraday  (Dr.)  on  a  specimen  of  dark  glass 
which  was  found  to  be  melted  after 
being  placed  outside  the  eye»piece  of  a 
telescope,  22. 

Fat,  on  a  sample  of  blood  containing,  77. 

Fauna,  molluscous,  of  the  Azores  and  St. 
Helena,  on  some  indications  of  the,  76, 

Femur  of  a  gigantic  fossil  elephant,  on 
the,  68. 

Finch  (Dr.  Cuthbert)  on  the  vital  statistics 
of  the  armies  in  the  East  India  Com- 
pany's Service,  99. 

Finland,  on  an  oreographical  map  of,  88. 

Fletcher  (Joseph),  statutics  of  the  attend- 
ance in  schools  for  children  of  the 
poorer  classes,  99. 

Forbes  (Prof.  E.)  on  the  discovery  by 
Dr.  Overweg  of  Devonian  rocks  in  North 
Africa,  58 ;  on  the  Echinodermata  of 
the  crag,  ib,;  on  the  new  species  of 
Maclurea,  65  ,*  on  some  indications  of 
the  molluscous  fauna  of  the  Azores  and 
St.  Helena,  76 ;  on  a  new  testacean  dia- 
covered  during  the  voyage  of  H.M.S. 
Rattlesnake,  77. 

Forbes  (Prof.  J.  D.)  on  the  progress  of 
experiments  on  the  conduction  of  heat, 
undertaken  at  the  meeting  of  the  Bri- 
tish Association  at  Edinburgh,  in  1850, 

Fowler  (Dr.  Richard)  on  the  correlation 
of  vitality  and  mind  with  the  physical 
forces,  83. 

Fossils  from  the  Ottawa  river,  on  the,  63. 

Fossils  collected  at  Sunday  river,  on  the 
Capo  frontier,  68. 

Fungi,  on  the  probability  of  the  conver- 
sion of  Asd  into  spores  in  certain,  70. 

Futtegurh,  abstract  of  meteorological  ob- 
servations made  at,  39. 

Galen  (Dr.  Von)  on  the  comet  of  short 


period  discovered  by  Broram,  Feb.  26, 
1846,  and  its  reappearance  in  1851, 
23. 

Gales,  on  mooring  ships  in  revolving,  36. 

Gambogic  acid  and  the  gunbcigiafeB,  end 
their  use  in  artistic  painting,  51. 

Garhw^,  on  the  geogn^by  of,  92;  on 
the  inhabitants  of,  94. 

Gases,  on  a  general  theoiy  of,  6. 

Geography,  84. 

Geoffraphy,  physical,  54. 

Geology,  54. 

Geoloey  of  a  part  of  the  Hlnudeye  mni 
Thibet,  on  the,  69. 

Gilbert  (Dr.  J.  H.)  on  agricultural  che- 
mistry, especially  in  relation  to  tbe  mi- 
neral theory  of  Baron  laebiff,  45. 

Gladstone  (J.  H.)  on  a  samiSe  of  blood 
containing  fat,  77. 

Gold  pens,  on  an  improved  modifiGalioB 
of  the  reservoir  for,  1 18. 

Granite  rocks  from  Ben  Cruaehan,OD,  59. 

Graham  (Prof.)  on  liquid  difibaiony  47. 

Greek  statues,  comparison  of  athleCie 
men  of  Great  Britam  with,  84. 

Guerry  (M.),  maps  illustrating  the  crimi- 
nal stadstics  of  England  for  16  yeen, 

^  100. 

Gunn  (Rev.  J.)  on  the  femur  of  a  gigantic 
fossil  elephant  fit>m  the  beach  at  fiac- 
ton,  58. 

Guyot's  (M.)  experiment  on  the  Earth's 
rotation,  Professor  Powell  on,  23. 

Hail-storms  in  India,  on,  31.  " 

Hake  (Dr.  T.  G.)  on  a  new  apparatna  for 
supplving  warm  air  to  the  lungs,  83. 

Hancock  (Albany)  on  two  new  species  of 
Nudibranchiate  moUusca,  74;  on  the 
branchial  currents  of  Pholas  and  Mya, 
ib, 

Hancock  (Prof.  W.  Neilson)  on  the  pio- 
spects  of  the  beet-sugar  manufiMtere 
in  the  United  Kingdom,  101 ;  on  tbe 
duties  of  the  public  in  respect  to  chari- 
table savings-banks,  103 ;  should  boards 
of  guardians  endeavour  to  make  paoper 
labour  self-supporting,  or  should  they 
investigate  the  causes  of  panpeciam? 
104. 

Hansteen's  magnetic  intensity  inatru- 
ment,  effect  of  three  iron  cylmders 
upon,  when  placed  in  a  given  position, 
9. 

Hartmann  (Baron)  on  an  oreographical 
map  of  Finland,  88. 

Heat,  6 ;  on  the  results  of  the  hypothesis 
of  molecular  vortices,  as  applM  to  the 
theory  of  elasticity  and,  3;  on  the 
progress  of  ezperimenta.  on  the  oen- 
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ductioti  of,  7 ;  on  tlie^  products  of  the 
action  of,  on  animal  suoBtances,  43. 

Highfield  House,  on  some  unusual  phse- 
nomena  seen  near,  33. 

Himalaya  and  Thibet,  on  the  geology  of 
a  part  of  the,  69;  on  the  botanical 
geography  of  part  of  the,  72,  73. 

Himalaya  mountains,  on  the  geography 
of  Kum^on  and  Garhw61  in  the,  92. 

Hopkins  (William)  on  the  distribution  of 
granite* rocks  from  Ben  Cruachan,  59. 

Hordwell,  on  new  fossil  mammalia  from 
the  eocene  f^shwater  formation  at,  67. 

Huxley  (Thomas  H.)  on  the  genus  Sa- 
gitta,  77;  on  the  anatomy  of  the  hy- 
drostatic acephalee,  16. ;  on  a  new  form 
of  sponge-like  animal,  80. 

Hydro-electric  chain  battery,  on  M.  Piil- 
yermacher's  patent  portable,  52. 

Hygrometric  moisture  in  the  air,  on  an 
apparatus  for  determining  the  quantity 

Hygrometrical  calculations,  description  of 
a  aliding-rule  for,  42. 

Idiots  in  the  United  Kingdom,  on  the 
best  means  of  ascertaining  the  number 
and  condition  of  the  infantile,  109. 

India,  on  the  climate  of  western,  29 ;  on 
bail-atomu  in,  31;  on  indications  of 
upheavals  and  depressions  of  the  land 
in,  55. 

Indian  archipelago^  on  the  negro  races  of 
the,  86. 

Ipswich,  on  calcareous  zoophytes  found 
at,  81. 

Ireland,  is  there  really  a  want  of  capital 
in?  106. 

Iron,  meteoric,  of  Atacama,  on  the,  84 ; 
on  the  application  of  chilled  cast,  to  the 
pivots  of  astronomical  Instruments, 
114. 

Iron  vessels,  on  the  construction  of,  ex- 
posed to  severe  strain,  113. 

Irrigation,  on  applying  die  power  of  wind 
to  a  pump  for  the  purpose  of,  117. 

Johnson  (Capt  £.  J.),  letter  to  Lieut.-Col. 
Sabine  on  the  deviations  of  the  com- 
passes of  H.M.  steam  ships  Ajax  and 
olenheim,  8 ;  and  Mr.  Brunton  on  ex- 
periments with  three  iron  cylinders, 
showing  their  effect  upon  the  compass, 
the  dipping-needle,  and  Hansteen's 
magnetic  intensity  instrument,  9. 

Johnson  (Prof.  W.  R.)  on  some  theoreti- 
caland  practical  methodsof  determining 
the  calorific  efficiencies  of  coals,  47. 

Joule  (J.  P.)  on  a  method  of  sounding  in 
deep  seas,  22. 


Kennedy  (J.  C.  O.)  on  the  influence  of 
discoveries  in  science  and  works  of  art 
in  developing  the  condition  of  a  people, 
as  indicated  by  the  census  operations  of 
the  United  States,  108. 

Khanikoff  (M.),  letter  to  Mr.  Stevenson, 
on  his  ascent  of  Mount  Ararat,  88. 

Klinology,  on,  in  reference  to  the  Bava- 
rian Alps,  69. 

Koh-i-Noor,  on  a  diamond  slab  supposed 
to  have  been  cut  from  the,  44. 

Kum&on,  on  th^  geography  of,  92;  on 
the  inhabitants  of,  94. 

Lakes  Superior  and  Huron,  on  the  age  of 
the  copper-beariuff  rocks  of,  59. 

Land  in  India,  on  indications  of  upheavals 
and  depressions  of  the,  55. 

Lankester  (Dr.)  on  the  theory  of  the  for- 
mation of  wood  and  the  descent  of  the 
sap  in  plants,  72 ;  on  a  monstrosity  of 
Lathyrus  odoratus,  ib, 

Latham  (Dr.  R,  G.)  on  the  ethnological 
position  of  the  Br&hui,  and  on  the  lan- 
guages of  the  Paropamisus,  89. 

Lathyrus  odoratus,  on  a  monstrosity  of,  72. 

Lawes  (J.  B.)  on  agricultural  chemistry, 
especially  in  relation  to  the  mineral 
theory  of  Baron  Liebig,  45. 

Lee  (Dr.  John)  on  the  Alton  and  Chris- 
tiania  meteorological  observations,  33. 

Leicester  (Lieut)  on  the  volcanic  group 
of  Milo,  89. 

Liebig  (Baron),  on  agricultural  chemistry, 
especially  in  relation  to  the  mineral 
theory  of,  45. 

Light,  6 ;  remarks  by  Rev.  Prof.  Powell 
on  Lord  Brougham's  experiments  on, 

Liquid  difiusion,  on,  47. 

lA>gan  (W.  £.)  on  the  age  of  the  copper- 
bearing  rocks  of  Lake  Superior  and 
Huron,  and  on  the  physical  structure 
of  Canada,  59. 

Lowe  (£.  J.),  observations  made  at  the 
Observatory  of  Highfield  House  on 
zodiacal  light,  24 ;  on  the  land  and 
freshwater  mollusca  found  near  Not- 
tingham, 80. 

Lungs,  on  a  new  apparatus  for  supplying 
warm  air  to  the,  83. 

Lyell  (Sir  Charles)  on  the  occurrence  of  a 
stratum  of  stones  covered  withbamadea 
in  the  red  crag  at  Wherttead,  near 
Ipswich,  65. 

Macdonald  (Dr.  W.)  on  the  antenns  of 
the  annulosa,  and  their  homology  in 
the  macrourals,  81. 

Maclurea,  new  species  of,  65. 
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Macrouralsy  on  the  antennte  of  the  annu- 
losa,  and  their  homology  in  the,  81. 

Madden  (Major  £.)  on  the  botanical  geo- 
graphy of  part  of  the  Himalaya  and 
Thibet,  72. 

Magnecrystallic  action,  on  magnetism 
and,  15. 

Magnetic  intensity  instrument,  Han»- 
teen's,  effect  of  three  iron  cylinders 
upon,  when  placed  in  a  given  posi- 
tion, d. 

Magnetism,  6. 

Magnitudes,  mechanical,  parallelogram 
of,  1. 

Magnus  (Prof.),  monothermic  pile  in- 
vented by,  experiment  in  thermo-elec- 
tricity with  the,  18. 

Mammalia,  fossil,  of  the  red  crag,  67; 
from  the  eocene  freshwater  formation 
at  Hordwell,  Hants,  67. 

Mathematics,  1. 

May  (Charles)  on  railway  chairs  and  com- 
pressed wood  fastenings,  114;  on  the 
application  of  chilled  cast  iron  to  the 
pivots  of  astronomical  instruments,  ib. 

Mechanical  science,  110. 

Mercer  (Mr.>  on  a  new  method  of  con- 
tracting the  fibres  of  calico,  and  of 
obtaining  on  the  calico  thus  prepared 
colours  of  much  brilliancy,  51. 

Mercurial  vapours  in  the  Daguerreotype 
process,  on  the  dangers  of  the,  and  the 
means  to  obviate  the  same,  44. 

Meteorological  observations,  on  the  Alten 
and  Christiania,  33 ;  abstract  of,  made 
at  Futtegurh)  in  India,  for  the  year 
1850, 39 ;  note  by  Dr.  Buist  on  the,  40 ; 
note  by  Colonel  Sykes  on  the,  ib. 

Meteorological  phsenomena  at  Hiiggate  in 
Yorkshire,  register  of,  36. 

Meteorology,  29. 

Meteors,  21. 

Mexico,  ascent  of  Orizaba  in,  98. 

Microscope,  on  a  nc^  mode  of  illumina- 
ting opake  objects  under  the  highest 
powers  of  the,  7 ;  on  a  new  arrange- 
ment for  facilitating  the  dissection  and 
drawing  of  objects  placed  under  the,  ib. 

Milo,  on  the  volcanic  group  of,  89. 

Mineral  theory  of  Baron  Liebig,  on  agri- 
cultural chemistry,  especidly  in  relation 
to  the,  45. 

Mines,  on  a  direct  action  steam-fan  for  the 
more  perfect  ventilation  of  coal,  116. 

Molecular  vortices,  summary  of  the  results 
of  the  hjrpothesis  of,  3. 

Mollusca,  on  two  new  species  of  nudibran- 
chiate,  74 ;  on  the  land  and  freshwater, 
found  near  Nottingham,  80  ;'on  the  geo- 
graphical distribution  of  the  land,  82. 


Mollnsks,  on  the  branchise  and  mndia- 
nism  of  breathing  in  the  lamellibraa- 
chiate,  82. 

Monothermic  pile,  experiment  on  thenno-  / 
electricity  with  the,  18. 

Morphology  of  the  fruit  in  the  Cmcifers^ 
on  the,  70. 

Mortality  in  different  sections  of  the  me* 
tropolis  in  1849,  on  the,  99. 

Murchison  (Sir  R.  I.)  on  the  scratched 
and  polished  rocks  of  Scotland,  66;  on 
Sir  / .  Brooke's  notes  oq  the  geography 
of  the  northern  nortion  of  Borneo,  89. 

Mya,  on  the  branchial  currents  o^  74. 

Nasmyth  (James)  on  an  improved  safety- 
valve,  115;  on  a  direct  action  steam- 
fan  for  the  more  perfect  ventilation  of 
coal-mines,  116;  on  an  improved  ap- 
paratus for  casting  the  specala  of  re- 
flecting telescopes,  116. 

Negro  races  of  tne  Indian  Archipdago 
and  Pacific  islands,  on  the,  86. 

Neilson  (Prof.  W.  N.),  an  investigation 
into  the  question — Is  there  reaUy  a 
want  of  capital  in  Ireland?  106. 

New  Hollaua,  on  some  aboriginal  tribes 
of,  95. 

New  Zealand,  survey  of  the  southern  part 
of  the  middle  island  of,  97 ;  statistics 
of,  98. 

Nicolay  (Rev.  C.  J.)  on  the  systematic 
classification  of  water-sheds  and  water- 
basins,  89. 

Nilotic  discovery,  a  sum  maty  of  recent,  84. 

Nitro-glycerine  and  the  products  of  its 
decomposition,  on,  52. 

Norse,  on  the  ethnology  and  arcba^logy 
of  the,  in  reference  to  Britain,  90. 

Organic  bodies,  on  the  action  of  super- 
neated  steam  upon,  51. 

Orizaba  in  Mexico,  ascent  of,  98. 

Ottawa  river,  on  the  fossils  from  the,  63. 

Overweg  (Dr.)  on  the  discovery  of  Devo- 
nian rocks  in  North  Africa,  by,  58. 

Owen  (Professor)  on  new  fossil  mammalia 
from  the  eocene  freshwater  formation 
at  Hordwell,  Hants,  67 ;  on  the  fossil 
mammalia  of  the  red  crag,  67. 

Oxford,  on  pendulum  experiments  at,  19.  ^ 

Pacific  islands,  on  the  negro  races  of  the,86. 

Painting,  on  gamboge  acid  and  die  gam- 
bogiates,  and  their  use  in  artistic,  51. 

Parallelogram  of  mechanical  magnitudes, 
on  the,  1. 

Paropamisus,  on  the  languages  of  the,  89. 

Pauper  labour,  and  the  causes  of  pauper- 
ism, on,  104. 
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Peach  (C.  W.)  on  some  recent  calcareous 
zoophytes  found  at  Ipswich,  Harwich, 
&c.,  81. 

Pendulum  experiments,  at  Oxford,  19; 
mechanism  to  explain  the,  117. 

Pens,  gold,  on  an  improved  modification 
of  the  reservoir  for,  118. 

Pholades,  on  the  branchise  and  mechanism 
of  breathing  in  the,  82. 

Pholas,  on  the  branchial  currents  of,  74 ; 
observations  on,  82. 

Phillips  (John)  on  the  structure  of  the 
crag,  67. 

Physical  forces,  on  the  correlation  of  vi- 
tality and  mind  with  the,  83. 

Physico-chemical  activity,  on  the  cause 
which  maintains  bodies  in  the  sphe- 
roidal state  beyond  the  sphere  of,  44. 

Physics,  1. 

Physiology,  70,  83. 

Plants,  on  some  physical  properties  of  the 
solid  and  liquid  constituent  parts  of,  19  ,* 
on  the  descent  of  the  sap  in,  72 ;  fossil, 
collected  at  Sunday  river,  on  the  Cape 
frontier,  68. 

Political  economy,  a  mathematical  expo- 
sition of  some  doctrines  of,  110. 

Polygon,  on  the  use  of  a,  to  ascertain  the 
intensity  of  the  light  at  different  angles 
in  the  photographic  room,  45. 

Population,  fluctuations  in  the  school,  99. 

Powell  (Rev.  Prof.),  remarks  on  Lord 
Brougham's  experiments  on  light,  &c., 
in  Phil.  Trans,  part  i.  1850, 11;  on  M. 
Ouyot's  experiment  on  the  earth's  ro- 
tation, 23. 

Provost  (M.  Constant),  explication  d*un 
tableau  de  T^tude  m6thodique  de  la 
Terre  et  du  Sol,  68. 

Price  (Joseph  T.)  on  a  method  of  con- 
densing steam  in  marine  engines,  at 
present  employed  in  several  steam  ves- 
sels in  the  Bristol  Channel,  116. 

Pterodactyles  of  the  chalk  formation,  on 
the,  55. 

Pulvermacher's  patent  portable  hydro- 
electric chain  battery,  on  the  construc- 
tion and  principles  of,  52. 

Pyle  (J.  C.j,  meteorological  observations 
made  at  Futtegurh,  for  the  year  1850, 
N.  W.  provinces,  Bengal,  39. 

Railway  communication  from  the  Atlantic 
to  the  Pacific  in  the  territories  of  Bri- 
tish North  America,  111. 

Railway  chairs  and  compressed  wood  fas- 
tenings, on,  114. 

Rainbow,  account  of  a  lunar,  seen  near 
St  Ives,  HunU,  41. 

Rankine  (W.  J.  M.),  summary  of  the  re- 
1851. 


suits  of  the  hypothesis  of  moleeular 
vortices,  as  applied  to  the  theory  of 
elasticity  and  neat,  3 ;  on  the  velocity 
of  sound  in  liquid  and  solid  bodies  of 
limited  dimensions,  especially  along 
prismatic  masses  of  liquid,  4. 

Rankine  (Rev.  T.),  register  of  meteoro- 
logical pheenomena  at  Huggate  in 
Yorkshire,  36;  on  a  mass  of  chalky 
gravel,  supposed  to  be  artificialj  at 
North  Dalton,  69. 

Reeve  (Lovell)  on  the  geographical  distri- 
bution of  the  land  mollusca,  82. 

Reid  (Lieut-Col.)  on  the  law  of  storms — 
on  mooring  ships  in  revolving  gales,  36. 

Reindeer,  antler  of  a,  found  near  South- 
wold,  69. 

Roberts  (Richard)  on  mechanism  to  ex- 
plain the  pendulum  experiments,  117. 

Robertson  (/.),  observations  on  Pholas,  82. 

Rocks,  on  the  distribution  of  granite, 
from  Ben  Cruachan,  59;  of  Lakes 
Superior  and  Huron,  on  the  age  of  the 
coppei^bearing,  f6. ;  of  Scotland,  on  the 
scratched  and  polished,  66. 

Rosse  (The  Earl  of)  on  plain  specula  of 
silver  for  reflecting  telescopes,  12. 

Rudder,  on  the  duplex,  110. 

Russell  (Robert),  observations  on  storms, 
34. 

Sabine  (Lieut-Col.),  letter  to,  from  Cap- 
tain £.  J.  Johnson,  on  the  deviations 
of  the  compasses  of  H.  M.  steam  ships 
Ajax  and  Blenheim,  8, 

Safety-valve,  on  an  improved,  1 15. 
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State  of  the  Meteorological  Observations  at  Plymouth  ; — Major  £.  Sabine,  on  the  Magnetic 
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Contents  : — Rev.  B.  Powell,  Report  on  the  Present  State  of  our  Knowledge  of  Refractive 
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Meeting  in  August  1838,  at  Newcastle ;—R.  Owen,  Report  on  British  Fossil  Reptiles; — E. 
Forbes,  Report  on  the  Distribution  of  pulmoniferous  MoUusca  in  the  British  Isles ; — W.  S. 
Harris,  Third  Report  on  the  Progress  of  the  Hourly  Meteorological  Register  at  the  Plymouth 
Dockyard. 
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Reports  of  the  British  Association  for  the  Advancement  of  Science; — J.  D.  Forbes,  Supple- 
mentary Report  on  Meteorology ; — W.  S.  Harris,  Report  on  Prof.  W  he  well's  Anemometer, 
now  in  operation  at  Plymouth ; — Report  on  "  The  Motions  and  Sounds  of  the  Heart,"  by  the 
London  Committee  of  the  British  Association,  for  1839-40; — Prof.  Schonbein,  an  Account  of 
Researches  in  Electro- Chemistry; — R.  Mallet,  Second  Report  upon  thie  Action  of  Air  and 
Water,  whether  fresh  or  salt,  clear  or  foul,  and  at  various  temperatures,  upon  Cast  Iron, 
Wrought  Iron,  and  Steel ; — R.  W.  Fox,  Report  on  some  Observations  on  Subterranean  Tem- 
perature ; — A.  F.  Osier,  Report  on  the  Observations  recorded  during  tlie  years  1837, 1838, 1 839 
and  1840,  by  the  Self-registering  Anemometer  erected  at  the  Philosophical  Institution,  Bir- 
mingham ; — Sir  D.  Brewster,  Report  respecting  the  two  Series  of  Hourly  Meteorological  Ob- 
servations kept  at  Inverness  and  Kingussie,  from  Nov.  1st,  1838  to  Nov.  1st,  1839; — W. 
Thompson,  Report  on  the  Fauna  of  Ireland:  Div.  Feriebrata; — C.  J.  B.Williams,  M.D.,- 
Report  of  Experiments  on  the  Physiology  of  the  Lungs  and  Air-Tubes ; — Rev.  J.  S.  Henslow, 
Report  of  the  Committee  on  the  Preservation  of  Animal  and  Vegetable  Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison  and  Major  E.  Sabine's 
Address,  and  Recommendations  of  the  Association  and  its  Committees. 
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T.  G.  Bunt,  Report  on  Discussions  of  Bristol  Tides,  under  the  direction  of  the  Rev.  W.  Whewell ; 
— D.  Ross,  Report  on  the  Discussions  of  Leith  Tide  Observations,  under  the  direction  of  the 
Rev.  W.  Whewell; — ^W.  S.  Harris,  upon  the  working  of  WhewelPs  Anemometer  at  Plymouth 
during  the  past  year; — Report  of  a  Committee  appointed  for  the  purpose  of  superintend- 
ing the  scientific  co-operation  of  the  British  Association  in  the  system  of  Simultaneous  Obser- 
vations in  Terrestrial  Magnetism  and' Meteorology ; — Reports  of  Committees  appointed  to  pro- 
vide Meteorological  Instruments  for  the  use  of  M.  Agassiz  and  Mr.  M*Cord ; — Report  of  a 
Committee  to  superintend  the  reduction  of  Meteorological  Observations ; — Report  of  a  Com- 
mittee for  revising  the  Nomenclature  of  the  Stars ; — ^Report  of  a  Committee  for  obtaining  In- 
struments and  Registers  to  record  Shocks  of  Earthquakes  in  Scotland  and  Ireland; — Report  of 
a  (k>mmittee  on  the  Preservation  of  Vegetative  Powers  in  Seeds; — Dr.  Hodgkin,  on  Inquiries 
into  the  Races  of  Man ; — Report  of  the  Committee  appointed  to  report  how  &r  the  Desiderata 
in  our  knowledge  of  the  Condition  of  the  Upper  Strata  of  tlie  Atmosphere  may  be  supplied  by 
means  of  Ascents  in  Balloons  or  otherwise,  to  ascertain  the  probable  expense  of  such  Expert, 
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on  British  Fossil  Reptiles ; — Reports  on  the  Determination  of  the  Mean  Value  of  Railway 
Constonts;— D.  Lardner,  LL.D.,  Second  and  concluding  Report  on  the  Determination  of  the 
Mean  Value  of  Railway  ConstanU;— E.  Woods,  Report  on  Railway  Constants ;— Report  of  a 
Committee  on  the  Construction  of  a  Constant  Indicator  for  Steam- Engines. 

Together  with  the  Transactions  of  the  Sections,  Prof.  WheweU's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees* 

PROCEEDINGS  of  the  TWELFTH  MEETI15G,  at  Manchester, 

1842,  Published  at  10*.  6d. 

Contents  : — Report  of  the  Committee  appointed  to  conduct  the  co-operation  of  the  British 
A»ociation  in  the  System  of  Simultaneous  Magnetical  aqd  Meteorological  Observations  ;«-> 
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J.  Richaidioii»  M.D.»  Report  on  the  present  State  of  the  Ichthyology  of  New 
W.  S.  Harris,  Report  on  the  Progress  of  Meteorological  Ohservations  at  Plymouth  ^- 
Report  of  a  Committee  appointed  to  make  Experimeoto  on  the  Growth  and  Vitality  of  Seeds  ; 
— C.  Vignoles,  Report  of  the  Committee  on  Railway  Sections ; — Report  of  the  Cuimuktee 
for  the  Preservation  of  Animal  and  Vegetable  Substances ;— Lyon  Playfiiir>  M.D.,  Akmntt 
of  Prof.  Liebig'a  Report  on  "Organic  Chemistry  applied  to  Physiology  and  Paiholoey;'*^ 
R.  Owen,  Report  on  the  British  Fossil  Mammalia,  Part  1.; — ^R.  Hunt,  Reaeftfchea  on  titt 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants;— li.  Agaaeix,  Report 
on  the  Fossil  Fishes  of  the  Devonian  System  or  Old  Red  Sandstone ; — ^W.  MrtiAtrii,  Ap- 
pendix to  a  Report  on  the  Strength  and  other  Properties  of  Cast  Iron  obtained  frona  the  Het 
and  Cold  Blast ; — D.  Milne,  Report  of  the  Committee  for  registering  Shocks  of  Barthqvakfl 
in  Great  Britain ; — Report  of  a  Committee  on  the  Construction  of  a  Constant  Indicator  for  8tea»> 
Engines,  and  for  tlie  determination  of  the  Velocity  of  the  Piston  of  the  Self-acting  Engiiw  M 
different  periods  of  the  Stroke; — J.  S.  Russell,  Report  of  a  Committee  on  the  IbmB  of  Sfatps; 
— Report  of  a  Committee  appointed  "  to  consider  of  the  rules  by  which  the  Nomendatvie  cf 
Zoology  may  be  established  on  a  uniform  and  permanent  basis ;  " — Report  of  a  Committee  sa 
the  Vital  Sutistics  of  large  Towns  in  Scotland ; — Provisional  Reports,  and  Notices  of  Progns 
in  Special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Lord  Francis  Egerton*s  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTEENTH  MEETING,  at  Coik, 
184:3,  Published  at  I2s. 

Contents: — Robert  Mallet,  Third  Report  upon  the  Action  of  Air  and  Water,  wbetWr 
fresh  or  salt,  clear  or  foul,  and  of  Various  Temperatures,  upon  Cost  Iron,  Wrought  Iron  aai 
Steel ; — Report  of  the  Committee  appointed  to  eonduct  the  co-operation  of  the  Britisfa  Ah 
sociation  in  the  System  of  Simultaneous  Magn'etical  and  Meteorological  Observations  ;— Si 
J.  F.  W.  Herschel,  Bart.,  Report  of  the  Committee  appointed  for  the  Reduction  of  Meteoto- 
logical  Observations; — Report  of  the  Committee  appointed  for  Experiments  on  Steam- 
Engines ; — Report  of  the  Committee  appointed  to  continue  their  Eaperimenta-^n  the  Vitality 
of  Seeds;— J.  S.  Russell,  Report  of  a  Series  of  Observations  on  the  Tides  of  the  Frith  «f 
Forth  and  the  East  Coast  of  Scotland  ^— J.  S.  Russell,  Notice  of  a  Report  of  the  Comndttce 
on  the  Form  of  Ships ; — J.  Blake,  Report  on  the  Physiological  Action  of  Medicines  ; — ^Report 
of  the  Committee  on  Zoological  Nomenclature ; — Report  of  the  Committee  for  Regiateriag 
the  Shocks  of  Earthquakes,  and  making  such  Meteorological  Observations  as  may  appear  ts 
them  desirable ; — Report  of  the  Committee  for  conducting  Experiments  with  Capdve  BaJlooes; 
— Prof.  Wheatstone,  Appendix  to  the  Report; — Report  of  the  Committee  for  the  Tranalatiea 
and  Publication  of  Foreign  Scientific  Memoirs ; — C.  W.  Peach,  on  the  Habits  of  the  Mariae 
Testacea ;— E.  Forbes,  Report  on  the  MoUusca  and  Radiata  of  the  ifigean  Sea,  and  on  their 
distribution,  considered  as  bearing  on  Geology ; — L.  Agassis,  Synoptical  Table  of  BritiA 
Fossil  Fishes,  arranged  in  the  order  of  the  Geological  Formations; — R.  Owen,  Report  on  tiie 
British  Fossil  Mammalia,  Part  II. ; — E.  W.  Blnney,  Report  on  the  excavation  made  at  tke 
Junction  of  the  Lower  New  Red  Sandstone  with  the  Coal  Measures  at  Collyhnrst ;— W. 
Thompson,  Report  on  the  Fauna  of  Ireland :  Div.  Invertehrata ; — Provisional  Reports,  aai 
Notices  of  Progress  in  Special  Researches  entrusted  to  Committees  and  Individnala. 

Together  with  the  Transactions  of  the  Sections,  Earl  of  Rosse's  Addrese,  and  Reoommen- 
dations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FOURTEENTH  MEETING,  at  Yorit,  184*. 
Pubiished  at  £1. 

CoMTBNTs : — W.  B.  Carpenter,  on  the  Microscopic  Structure  of  Shells; — J.  Alder  and  A 
Hancock,  Report  on  the  British  Nudibranchiate  Mollusca;— R.  Hunt,  Researches  on  Ac 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Planu; — ^Report  ois 
Committee  appointed  by  the  British  Association  in  1840,  for  revising  the  Nomenclature  of  the 
Stars; — Lt-Col.  Sabine,  on  the  Meteorology  of  Toronto  in  Canada; — J.  BlackwaU,  Bcpen 
on  some  recent  researches  into  the  Structure,  Functions  and  (Economy  of  the  ^rwwsdts 
made  in  Great  Britain;— Earl  of  Rosse,  on  the  Construction  of  large  Reflecting  Telescopci; 
-*Rev.  W«  V.  Harcourt,  Report  on  a  Gas  Furnace  for  Eiperimento  on  Vitrifaction  and  otlia 
Applications  of  High  Heat  in  the  Laboratory; — Report  of  the  Committee  for  Registeriiy 
Earthquake  Shocks  in  Scotland ;— Report  of  a  Committee  for  Ezperimento  on  Steam-JSngiaei ; 
— Report  of  the  Committee  to  investigate  the  Varieties  of  the  Human  Race;— Fourth  Repert 
of  a  Committee  appointed  to  continue  their  Experiments  on  the  Vitality  of  Seeds; — ^W.  Fair- 
bairn,  on  the  Consumption  of  Fuel  and  the  prevention  of  Smoke ;— F.  Ronalds,  Report  con- 
cerning tlie  Observatory  of  the  British  Association  at  Kew ; — Sixth  Report  of  the  Committee 
appointed  to  conduct  the  Co-operadon  of  the  British  Association  in  the  System  of  Simulu- 
neous  Magnctical  and  Meteorological  Observations;— Prof.  Forchhammer  on  the  inflacace 
of  Fucoidal  PlanU  upon  the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  psr- 
ticularly  the  Metamorphosis  of  the  Scandinavian  Alum  Slate;— H.  £.  Strickland,  Rcporta 

Digitized  by  VJ\^\^  V  IV^ 


the  recent  ProgreM  and  present  State  of  Ornithology  \ — T.  Oldham,  Report  of  Committee 
appointed  to  conduet  Ofoservationt  on  Subterranean  Temperature  in  Ireland  ;-^Prof.  Owen, 
Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils  indicative 
of  the  former  existence  in  that  Continent  of  large  Marsupial  Representatives  of  the  Order 
Pachydermata ; — W.  S.  Harris,  Report  on  the  working  of  Whewelland  Osier's  Anemometers 
at  Plymouth,  for  the  years  1841,  1848,  1843; — W.  R.  Birt,  Report  on  Atmosphejric  Waves; 
^L.  Agassis,  Report  sur  les  Poissons  Fossiles  de  TAjgile  de  Londres,  with  translation ; — J. 
S.  Russell,  Report  on  Waves ; — Provisional  Reports,  and  Notices  of  Progress  in  Special  Re- 
searches entrusted  to  Committees  and  Individuals. 

.  Together  with  the  Transactions  of  the  Secdons,  Dean  of  Ely's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FIFTEENTH  MEETING,  at  Cambridge, 
IS^Sy  Publuhed  at  i2s. 

Contents  : — Seventh  Report  of  a  Committee  appointed  to  conduct  the  Co-operation  of. the 
British  Association  in  the  Syvtem  of  Simultaneous  Magnetical  and  Meteorological  Observa- 
tions ;— Lt.-Col.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay  ; — J.  Blake,  Report 
on  the  Physiological  Action  of  Medicines  ;— -Dr.  Von  Boguslawski,  on  the  Comet  of  1843 ; 
— R.  Hunt,  Report  on  the  Actinograph ; — Prof*  Schonbein,  on  Ozone ; — Prof.  Erman,  on 
the  Influence  of  Friction  upon  Thermo-Electricity ;— Baron  Senftenberg,  on  the  Self- 
Registering  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg; — 
W.  R.  Birt,  Second  Report  on  Atmospheric  Waves ;— G.  R.  Porter,  on  the  Progress  and  Pre- 
sent Extent  of  Savings'  Banks  in  the  United  Kingdom ; — Prof.  Bunsen  and  Dr.  Playfair, 
Report  on  the  Oases  evolved  from  Iron  Furnaces,  with  reference  to  the  Theory  of  Smelting 
of  Iron ;— Dr.  Richardson,  Report  on  the  Ichtliyology  of  the  Seas  of  China  and  Japan  ;*- 
Report  of  the  Committee  on  the  Registration  of  Periodical  Phsenomena  of  Animals  and  Vege- 
tables ; — Fifth  Report  of  the  Committee  on  the  Vitality  of  Seeds ; — Appendix,  &c 

Together  with  the  Transactions  of  the  Sections,  Sir  J.  F.  W.  Herachel's  Address,  and  Re- 
conunendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  thb  SIXTEENTH  MEETING,  at  Southamptou, 
IS^,  Published  at  I5s. 

Contents:— G.  O.  Stokes,  Report  on  Recent  Researches  in  Hydrodynamics; — Sixth 
Report  of  the  Comnuttee  on  the  Vitality  of  Seeds  ;•— Dr.  Schunck,  on  the  Colouring  Matters  of 
Madder;-^.  Blake,  on  the  Physiological  Action  of  Medicines  ,*—R.  Hunt,  Report  on  the  Ac- 
tinograph;— R.  Hunt,  Notices  on  the  Influence  of  Light  on  the  Growth  of  Plants;— R.  L* 
Ellis,  on  the  Recent  Progress  of  Analysis }-— Profl  Forchhammer,  on  Comparative  Analytical 
Researches  on  Sea  Water  ;^-A.  Erman,  on  the  Calculation  of  the  Gaussian  Constants  for 
1829 ; — G.  R.  Porter,  on  the  Progress,  present  Amount,  and  probable  future  Condition  of  the 
Iron  Manufuture  in  Great  Briuin  ;-^W.  R.  Birt,  Third  Report  on  Atmospheric  Waves  ;-^ 
Pro£  Owen,  Report  on  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton  ;— 
J.  Phillips,  on  Anemometry ; — J.  Percy,  M  D.,  Report  on  the  Crystalline  Slags  ;«-Addenda  to 
Mr*  Rift's  Report  on  Atmospheric  Waves. 

Together  with  the  Transactions  of  the  Sections,  Sir  R.  I.  Murchison's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  thb  SEVENTEENTH  MEETING,  at  Oxford, 
ISin,  Published  at  ISs. 

Contents  :— Prof.  Langberg,  on  the  Specific  Gravity  of  Sulphuric  Acid  at  different  de- 
grees of  dilution,  and  on  the  relation  which  eiisu  between  the  Development  of  Heat  and  the 
coincident  contraction  of  Volume  in  Sulphuric  Acid  when  mixed  with  Water;— R.  Hunt, 
Researches  on  the  Influence  of  the  Solar  Rays  on  the  Growth  of  Plants  ,'-*R.  Mallet,  on 
the  Facts  of  Earthquake  Phsenomena; — Prof.  Nilsson,  on  the  Primitive  Inhabitants  of  Scan- 
dinavia ; — W.  Hopkins,  Report  on  the  Geological  Theories  of  Elevation  and  Earthquakes ; 
—Dr.  W.  B.  Carpenter,  Report  on  the  Microscopic  Structure  of  Shells ; — Rev.  W.  Whewell  and 
Sir  James  C.  Ross,  Report  upon  the  Recommendation  of  an  Expedition  for  the  purpose  of 
completing  our  knowledge  of  the  Tides ; — Dr.  Schunck,  on  Colouring  Matters ;— Seventh  Re- 
port of  the  Committee  on  the  Vitality  of  Seeds ; — J.  Glynn,  on  the  Turbine  or  Horiionial 
Water- Wheel  of  France  and  Germany ; — Dr.  R.  G.  Latham,  on  the  present  state  and  recent 
progress  of  Ethnographical  Philology ; — Dr.  J.  C.  Prichard,  on  the  various  methods  of  Research 
which  contribute  to  the  Advancement  of  Ethnology,  and  of  the  relations  of  that  Science  to 
other  branches  of  Knowledge; — Dr.  C.  0.  J.  Bunsen,  on  the  results  of  the  recent  Egyptian 
researches  in  reference  to  Asiatic  and  African  Ethnology,  and  the  Classification  of  Languages ; 
— Dr.  C.  Meyer,  on  the  Importance  of  the  Study  of  the  Celtic  Language  as  exhibited  by  the 
Modern  Celtic  Dialects  still  extant; — Dr.  Max  Miiller,  on  the  Relation  of  the  Bengali  to  the 
Arian  and  Aboriginal  Languages  of  India;— W.  R.  Birt,  Fourth  Report  on  Atmospheric 
Waves ;— Prof.  W.  H.  Dove,  Temperature  Tables ;  with  Introductory  Remarks  by  Lient.-CnL 
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£.  Sabine  ;^-A.  Brman  and  tl.  Petersen,  'Phird  Report  on  the  Calculation  of  the  Oanssan  Cat* 
•tantB  for  1829. 
Together  with  the  Transactions  of  the  Sections,  Sir  Rol>ert  Harry  Inglis's  Address,  sad 

Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  EIGHTEENTH  MEETING,  at  Siransea, 
lS4f8y  PtAlished  at  9s. 

Contents  :— Rev.  B.  Powell,  A  Catalogue  of  Ohsenrations  of  Luminous  Meteors;<'-J.  Qljma, 
on  Water-pressure  Engines  ;~>R.  A.  Smith,  on  the  Air  and  Water  of  Towns; — Eighth  Rcpstt 
of  a  Committee  on  the  Growth  and  Vitality  of  Seeds; — W.  R.  Birt,  FifUi  Report  on  AtBB»- 
spheric  Waves ; — E.  Schunck,  on  Colouring  Matters ; — i,  P.  Budd,  on  the  advantageoas  use 
made  of  the  gaseous  escape  from  the  Blast  Furnaces  at  the  Ystalyfera  Iron  Works ; — fL,  Hont, 
Report  of  progress  in  the  investigation  of  the  Action  of  Carbonic  Acid  on  the  Growth  of 
Plants  allied  to  those  of  the  Coal  Formations ; — Prof.  H.  W.  Dove,  Supplement  to  the  Tes- 
perature  Tables  printed  in  the  Report  of  the  British  Association  for  1847;-»Remarks  bj  ProC 
Dove  on  his  recently  constructed  Maps  of  the  Monthly  Isothermal  Lines  of  the  Globe,  and  on 
some  of  the  principal  Conclusions  in  regard  to  Climatology  deducible  from  them  ;  with  an  in- 
troductory Notice  by  Lt-Col.  E.  Sabine  ; — Dr.  Daubeny,  on  the  Progress  of  the  investigadoo 
on  the  Influence  of  Carbonic  Acid  on  the  Growtli  of  Ferns ; — J.  Phillips,  Notice  of  Inrtfaer 
progress  in  Anemometi'ical  Researches  ; — Mr.  Mallet's  Letter  to  the  Assistant-General  Secre- 
tary;— A.  Erman,  Second  Report  on  the  Gaussian  Constants; — Report  of  a  Committee 
relative  to  the  expediency  of  recommending  the  continuance  of  the  Toronto  Magnetical  snd 
Meteorological  Observatory  until  December  1850. 

Together  with  the  Transactions  of  the  Sections,  the  Marquis  of  Northampton's  Addrev^ 
and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  NINETEENTH  MEETING,  at  Binningfaam, 
lS4f9y  Published  at  10s. 

Contents  : — Rev.  B.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteon ; — ^Earl 
of  Rosse,  Notice  of  Nebulas  lately  observed  in  the  Six-feet  Reflector  ;*-Pn>f.  Daubeny »  on  the 
Influence  of  Carbonic  Acid  Gas  on  the  healUi  of  Plants,  especially  of  those  allied  to  the  PooU 
Remains  found  in  the  Coal  Formation ; — Thomas  Andrews,  M.D.,  Report  on  the  Heat  of 
Combination ; — Report  of  the  Committee  on  the  Registration  of  the  Periodic  Fhaenomena  of 
Plants  and  Animals ; — Ninth  Report  of  a  Committee  appointed  to  continue  their  Experiments 
on  the  Growth  and  Vitality  of  Seeds; — Francis  Ronalds,  Report  concerning  the  Observatory 
of  the  British  Association  at  Kew,  from  Aug.  9,  1848  to  Sept.  12,  1849; — Robert  MaBet, 
Report  On  the  Experimental  Inquiry  conducted  at  the  request  of  the  British  Associadon,  eo 
Railway  Bar  Corrosion ; — William  Radcliff  Birt,  Report  on  the  Discussion  of  the  Electrical 
Observations  at  Kew. 

Together  with  the  Transactions  of  the  Sections,  the  Rev.  T.  R.  Robinson's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTIETH  MEETING,  at  Edinbnirb, 

1850,  Published  at  1 5s. 

Contents: — Robert  Mallet,  First  Report  on  the  Facts  of  Earthquake  Phsenomena; — Rev. 
B.  Powell,  on  Observations  on  Luminous  Meteors ;— Thomas  Williams,  on  the  Structure  and 
History  of  the  British  Annelida ; — T.  C.  Hunt,  Results  of  Meteorological  Observations  taken 
at  St.  Michael's  from  the  1st  of  January  18-10  to  the  3 1st  of  December,  1849;— R.  Hunt  on 
the  present  State  of  our  Knowledge  of  the  Chemical  Action  of  the  Solar  Radiations; — Tenth 
Report  of  a  Committee  appointed  to  continue  their  Experiments  on  the  Growth  and  Vitality 
of  Seeds; — Major.  Gen.  Briggs,  Report  on  the  Aboriginal  Tribes  of  India; — Francis  Roinaldf^ 
Report  concerning  the  Observatory  of  the  British  Association  at  Kew ; — Edward  Forbes,  Report 
on  the  Investigation  of  British  Marine  Zoology  by  means  of  the  Dredge ;  —Robert  MacAndrew, 
Notes  on  the  Distribution  and  Range  in  depth  of  Mollnsca  and  other  Marine  Animals  ob> 
served  on  the  coasts  of  Spain,  Portugal,  Barbary,  Malta,  and  Southern  Italy  in  1849  ; — ProC 
Allman,  on  the  Present  State  of  our  Knowledge  of  the  Freshwater  Polyzoa  ;-»Registration  of 
the  Periodical  Phsenomena  of  Plants  and  Animals ; — Suggestions  to  Astronomers  for  tbe  Ob> 
servation  of  the  Total  Eclipse  of  the  Sun  on  July  28,  1851. 

Together  with  the  Transactions  of  the  Sections,  Sir  David  Brewster's  Address,  and  Rccom« 
mendations  of  the  Association  and  its  Committees. 


DOVE'S  MONTHLY  ISOTHERMAL  MAPS  OF  THE  GLOBE,  with  the  accompaoYinff 
Memoir,  Price  6*.  r—j-* 

LITHOGRAPHED  SIGNATURES  of  the  MEMBERS  who  met  at  Cambridge  in  185S, 
with  the  Proceedings  of  the  Public  Meetings,  4to.  Price  4«.    (To  Members,  3f .) 
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Plate  XVII.,  a  Map,  to  illustrate  Mr.'  Mallet^s  Report^ 
has  been  subject  to  an  accident  in  the  colouring.  Corrected 
copies  will  be  delivered  with  the  continuation  of  the  Report. 
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